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Abstract

A general-purpose digital computer program (named ELAS) for the in-core
solution of linear equilibrium problems of structural mechanics is described for
potential and actual users in Volume I of this report, and is documented in
Volume II. The program requires minimum input for the description of the
problem. The solution is obtained by means of the displacement method and
the finite element technique. Almost any geometry and structure may be handled
because of the availability of lineal, triangular, quadrilateral, tetrahedral, hexahe-
dral, conical, triangular torus, and quadrilateral torus elements. The assump-
tion of piecewise linear deflection distribution insures monotonic convergence of
the deflections from the stiffer side with decreasing mesh size. The stresses are
provided by the best-fit strain tensors in the least-squares sense at the mesh points
where the deflections are given. The selection of local coordinate systems when-
ever necessary is automatic. The core memory is efficiently used by means of
dynamic memory allocation, an optional mesh-point relabelling scheme, imposi-
tion of the boundary conditions during the assembly time, and the straight-line
storage of the rows of the stiffness matrix within variable bandwidth and the
main diagonal, The number of unsuppressed degrees of freedom that can be
handled in a given problem is 500 to 600 for a typical structure, but might far
exceed these average values for special types of problems; the execution time
of such problems is about four minutes in 32K IBM 7094 Model I machines. The
program is written in FORTRAN II language. The source deck consists of about
8000 cards and the object deck contains about 1400 binary cards. The physical
program (standard ELAS) is available from COSMIC, the agency for the dis-
tribution of NASA computer programs.

xiv JPL TECHNICAL REPORT 32-1240



l. Introduction

Volume I, User’s Manual, of this report gives a general
description of ELAS,* a general-purpose digital com-
puter program for the in-core solution of linear equi-
librium problems of structural mechanics, and contains
the information necessary for input preparation, arrange-
ment of the physical program, and interpretation of out-
put and error messages. Volume II, Documentation of
the Program, is published in two parts: the basic
Volume II, which gives the theoretical background of the
program and contains tables and figures describing
the COMMON wvariables, their meanings, and their
arrangement in COMMON; and this report—Addendum
to Volume IT—which contains program descriptions, flow-
charts, and source program listings for all program ele-
ments of ELAS/Level 3. (The original version of the
ELAS program made available from COSMIC#** in
April 1968 is designated ELAS/Level 0. Subsequent
program corrections made in January 1969, March 1969,
and May 1969 updated the program to ELAS/Level 1,
ELAS/Level 2, and ELAS/Level 3, respectively.)

# Tirst two syllables of the word Elasticity.

x*Computer Software Management and Information Center,
Computer Center, University of Georgia, Athens, Georgia,
30601, telephone 404-542-3265.

JPL TECHNICAL REPORT 32-1240

Sections II, III, IV, and V of the Addendum briefly
describe the main programs and the subroutines of
Links 1, 2, 3, and 4, respectively, of the ELAS program
with reference to the flowcharts illustrated in Section VI,
and the source program listings given in Section VIIL
Program descriptions include all subroutines that are
not in the FORTRAN library. The standard ELAS is
coded in FORTRAN 11, with the exception of subroutines
LEBIN, SEBIN, and TICK, which are in FAP. The sub-
routines are described in alphabetical order under each
main program. The flowcharts, which are also in alpha-
betical order, present semidetailed diagrams of the se-
quential logic and decision points in the program, The
source program listings are a straight listing of the first
file in the program tape that contams the physical
program.

The user of this Addendum will need both Volume 1
and the basic Volume Il for reference because of nu-
merous cross-references to figures and tables contained
therein. The information in the referenced figures and
tables is essential to interpretation of the content of the
Addendum. Reference is also made herein to program
input and output items and error messages, which are
described and identified by number in Volume I.



ll. Main Program and Subroutines of Link 1

A, Main Program of Link 1

The flowchart and the source program listing of the
main program of Link 1 are given in Fig. VI-1 and
Table VII-1, respectively. The logical function of the
program may be summarized as follows:

(1) Tt defines IN, IT, IDEG, ITYPE, IGEM, ISTR, IH,
I8, IBN, IP, IPRS, IMAT, NTIC, ISDT, ISDY,
ISDZ, IARE, IMMX, IMMY, IMMZ, IMFI, INX,
INF, ISHUF, ICOR, IBUN, IMES, IPIR, ITAP,
ITAS, Cl, G2, G3, ACEL directly from Input
Item 2.

(2) Tt computes constants ISUM, IND, IORD, IORD1,
and ZGEM, and pointers J1, J2, J3, J4, J5, J8, J7,
J8, ]9, J10, IBB, IBO, IID, IIA, IDT, IDY, ITE,
ICAR, ICIX, ICIY, ICIZ, ICF], IXX, IYY, IZZ,
IIC, IDEF, IST, 118, IU, and IDZ from the infor-
mation given by Input Item 2.

(3) Tt generates the vectors related with pointers J1,
12, 13, J4, J5, J6, J7, 18, ]9, J10, IBRB, IBO, 1iC,
IXX, 1YY, IZZ, and IDEF (partially) directly or

indirectly from the inpul information of the job.

(4) Depending upon the value of INX, it transfers con-

trol either to statement 2700 or to the main program
of Link 3.

Before using any input information, the main program
checks it against the input specifications (see Sect. III
and IV, Vol. I). If the program encounters an irrecov-
erable error in the input information, it always branches
to statement 300, which prints out COMMON both in
fixed- and floating-point modes and skips the related
job. In transferring information from input cards into
the proper locations in COMMON, the program uses
DUMMY (also called IDUM) area in COMMON for
temporary storage. The main program calls subroutine
TABL to print out Output Item 1; subroutine TICK to
measure time; subroutine BUNG to generate deflection
boundary conditions (dbc) input units automatically, if
IBUN = 1; subroutine CORG to generate coordinates of
the nodes automatically, if ICOR = 1; subroutine MESG
to generate mesh topology and element properties auto-
matically, if IMES = 1; subroutine COOR to read in,
examine, and store nodal coordinates; subroutine MEST
to read in and store element data: subroutine TOPO to
examine and separate the element data in storage; and
finally, subroutine SRAT to obtain internal node labels
in vector ISIR, and the highest internal label in the node
set of each node in vector IMAX (refer to Input Item 17,
Seci. 1V, Vol. I). Among these subroutines, subroutine
SRAT has its own subroutine. The contribution of
the prescribed concentrated loads to the right-hand-side
vector of the equilibrium equations before the displace-
ment boundary conditions are imposed is stored in the

JPL TECHNICAL REPORT 32-1240



IDEF-pointer-related vector, first as in item (1) of
the IDEF entry of Table ITI1-3, Vol. II (basic), and then as
in item (2) in the same entry. Probably the most impor-
tant function of the main program is the generation of
vectors defined by pointers IBB, IBO, and IIC. The
meanings of the entries of these vectors are given in
Table III-3, Vol. IT (basic), and Table VI-2, Vol. 1. These
vectors are first generated as if all deflections were
independent and with IBB numbers always equal to
IND + 1. Then the numbers are modified with the dbe
input units to recognize linear dependence. Finally, when
vectors ISIR and IMAX are provided by subroutine
SRAT, they are finalized. Vectors defined by pointers
IBB, IBO, and 11C are first used in the main program
to compute the contribution of the prescribed concen-
trated loads to the reduced right-hand-side vector in the
IDEF-pointer-related vector. Later in Link 2, they are
used in computing the contributions of the element stiff-
ness matrices to the reduced stiffness matrix in the IST-
pointer-related vector and the reduced load vector in the
IDEF-pointer-related vector, and the contributions of
the element load vectors to the reduced load vector in the
IDEF-pointer-related vector, In Link 3, these three vee-
tors are used in obtaining the deflections of all nodes
from the reduced deflection vector in the IDEF-pointer-
related vector. The standard ELAS Link 1 main program
assumes that IN < 540 and ISUM < 10000. {See Ap-
pendix, Vol. 1, for instructions on how to change these
limits.)

B. Subroutines of Link 1

1. Subroutine ARAN. Subroutine ARAN is called by
subroutine SRAT. The flowchart and the source program
listing of ARAN are given in Fig. VI-2 and Table VII-2,
respectively. The logical function of the subroutine may
be summarized as follows:

(1} Subroutine ARAN generates vector IMAX for sub-
routine SRAT.

(2} If 0 < ISHUF < 3, the subroutine modifies vec-
tor ISIR and computes vector IMAX accordingly,
to minimize the shaded area of the coefficient
matrix shown in Fig. II-1 (Vol. I}

{(3) 1f ISHUF = 2, the subroutine reads cards for vec-
tor ISIR, modifies matrix ABIN accordingly, and
performs the function given in (2).

(4) The subroutine produces relabelling output items
(Output Item 5) according to Sect. VI-F, Vol. L.

In performing these tasks, subroutine ARAN expects
that connectivity matrix ABIN, ISIR vector of labels,

JPL TECHNICAL REPORT 32-1240

row order IN, and column order ISUR of matrix ABIN
are available in COMMON. In performing logical func-
tion (2), the subroutine also generates vector IMIN. Sub-
routine ARAN calls subroutine OUTPT to print out mesh
topology (P) of Output Item 5 (see Sect. VI-F, Vol. I),
subroutine EXCH to interchange to successive rows and
their respective columns in the connectivity matrix ABIN,
function LEBIN to find out if a node is connected with
another node, and subroutine TICK to measure relabel-
ling time. The algorithm for logical function (2) is given
in Ref. 1. The standard ELAS assumes that a word con-
sists of 36 binary bits, and this is assumed in subroutine
ARAN. (See Appendix, Vol. I, for instructions on how to
change this constraint.)

2. Subroutine BUNG. Subroutine BUNG is called by
the main program of Link 1, if IBUN = 1. The standard
ELAS contains only the dummy version of this subrou-
tine, as shown in Table VII-3. If TBUN = 1, the sub-
routine should be rewritten by the user, as explained in
Sect. V-D, Vol. I. The logical function of the subroutine
is to place IBN number of dbc input units into DUMMY
or IDUM area,

3. Subroutine COOR. Subroutine COOR is called by
the main program of Link 1, if ICOR = ¢. The flowchart
and the source program listing of COOR are given in
Fig. VI-3 and Table VII-4, respectively. The function of
this subroutine is to read the cards of Input Item 14 in
blocks of not greater than 1000 nodes, to examine whether
the node labels are sequential, and to generate IXX-,
IYY-, and IZZ-pointer-related vectors, If IGEM = 0, the
1ZZ-pointer-related vector will not be generated. In case
of error, the subroutine returns control to the calling pro-
gram with IERR = 1, without completing its function.

4. Subroutine CORG. Subroutine CORG is called by
the main program of Link 1, if ICOR = 1. The standard
ELAS contains only the dummy version of this subrou-
tine, as shown in Table VII-5. If ICOR = 1, the sub-
routine should be rewritten by the user, as explained in
Sect. V-B, Vol. I. The logical function of this subroutine,
when ICOR = 1, is to generate vectors related with
pointers IXX, IYY, and 1ZZ.

5. Subroutine EXCH. Subroutine EXCH is called by
subroutine ARAN. The flowchart and the source program
listing of EXCH are given in Fig. VI-4 and Table VII-g,
respectively. The funchion of this subroutine is to inter-
change the Ith row with the IPth row of the ABIN ma-
trix, and Ith binary columm with the TPth binary column



of the same matrix; MI is the smallest binary column num-
ber of the first nonzero binary entry either in row I or
in row IP; MX is the largest binary column number of
the last nonzero binary entry either in row I or in row IP.
Since ABIN is a symmetric binary matrix, MI and MX
also define the limits of the Ith and IPth columns, Inter-
change operation is carried out only within these limits.
The subroutine expects ABIN, I, IP, MI, and MX to be
available in COMMON, and it assumes that a word con-
sists of 36 binary bits. (See Appendix, Vol. I for instruc-
tions on how to change this limit) Subroutine EXCH
calls function LEBIN to obtain the value of a certain hit
of a word, and subroutine SEBIN to store 1 or 0 in a
certain bit of a word.

6. Function LEBIN. The subprogram LEBIN is called
by subroutines ARAN and EXCH. The flowchart and the
source program listing of LEBIN are given in Fig. VI-3
and Table VII-7, respectively. The coding is in FAP for
the IBM 7094. The logical funetion of LEBIN is to return
as a FORTRAN integer the value of the bit, shown in
the second argument, of the word shown in the first
argument. It assumes that the word length is 36 binary
bits. For any other machine, this function should be
rewritten.

7. Subroutine SEBIN. Subroutine SEBIN is called by
subroutines EXCH and SRAT. The flowchart and the
source program listing of SEBIN are given in Fig. VI-6
and Table VII-7, respectively. The coding is in FAP for
the IBM 7094. The logical function of SEBIN is to store 1
or 0 (as shown in the third argument) in to the bit (shown
in the second argument) of the word (shown in the first
argument). The subroutine assumes that a2 word consists
of 36 binary hits. For any other machine, this subroutine
should be rewritten.

8. Subroutine MESG. Subroutine MESG is called by
the main program of Link 1, if IMES = 1. The standard
ELAS contains only the dummy version of this subrou-
tine, as shown in Table VII-8. If IMES = 1, the sub-
routine should be rewritten by the user, as explained in
Sect. V-C, Vol. 1. The logical function of this subroutine,
when IMES = 1, is to generate vectors related with
pointers J1, 12, 13, T4, ]5, J6, J7, J8, 19, and J10.

9. Subroutine MEST. Subroutine MEST is called by
the main program of Link 1 if TIMES = 0. The flowchart
and the source program listing of MEST are given in
Iig. VI-7 and Table VII-9, respectively. The function of
this subroutine is first to read the cards of Input Item 186,

one or more at a time, into DUMMY area, and to check

the validity of M number of the element descriptors {see
Table IV-3, Vol. I), then to store words JIW, J2w,
J3W, J4W, J5W, and if they exist, J6W, JTW, JSW, JOW,
JI0W of the element descriptors into the proper locations
in the respective vectors rclated with pointers J1, J2, J3,
I4, 15, 16, J7, J8, ]9, and J10, and to check the positive-
ness of the vertex labels. In case of error, the subroutine
returns control to the calling program with IERR = 1,
without completing its function. If no error is encoun-
tered, the subroutine performs its operations on the input
cards of every element, sequentially, until all element
data are processed.

10. Subroutine OUTPT. Subroutine OUTPUT is called
by subroutine ARAN, if INP = 2, The flowchart and the
source program listing of OUTPT are given in Fig. VI-§
and Table VII-10, respectively, The function of this sub-
routing is to print out Output Item 3(P) (see Sect. VI-F,
Vol. I}. This subroutine assumes that a word is 36 binary
bits and IN < 540. (See Appendix, Vol. I for instructions
on how to change these limits.) Subroutine OUTPT ex-
pects ISIR, IMIN, IMAX vectors, ABIN matrix, IN, and
ISUR to be available in COMMON.

11. Subroutine SRAT. Subroutine SRAT is called by
the main program of Link 1. The flowchart and the
source program listing of SRAT are given in Fig. VI9
and Table VII-11, respectively. The functions of this pro-
gram may be summarized as follows;

(1) If ISHUF = 3, subroutine SRAT reads the cards
of Input Item 17 for the generation of internal
node labels in vector ISIR, and the highest internal
Iabel in the node set of each node in vector IMAX
(refer to Input Item 17, Sect. IV, Vol. I). If
ISHUF == 3, subroutine SRAT generates vector
ISIR by assuming that internal and external labels
of the nodes are the same; computes ISUR, which
is the number of words whose binary bits are
enough to provide one bit for each of the IN
nodes; generates connectivity matrix ABIN from
the mesh-topology information of Input Item 16
and from the deflection boundary condition input
units already in the IBO-pointer-related vector; and
calls subroutine ARAN to obtain the finalized
values of vectors ISIR and IMAX. (In generating
the binaiy conneciivity mairix ABIN, subroutine
SRAT first clears matrix ABIN; then it processes
elements one at time by first listing the labels of
the vertices of the element and the labels of the
nodes connected with these vertices through the dbe
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input items; and then indicates, by means of a
binary 1 in the proper places in matrix ABIN, the
fact that all these nodes are connected with each
other. In matrix ABIN, one row and one column
are assigned to every node so that ABIN is a sym-
metric matrix. If a node i is connected with a
node j, the ith row and the jth column, and like-
wise the fth row and the ith column, of the binary
matrix ABIN contain a binary bit 1. All diagonal
elements of the binary matrix ABIN are binary
kit 1. If a node is constrained completely by means
of dbe input items the only nonzero bit in the row
and the column of this node is on the diagonal,
The ordering of rows and columns of the binary
matrix ABIN is done by the order that is available
in vector ISIR.)

(2) IT INP = 0, subroutine SRAT generates and prints
out Output Item 6.

{3) Tt generates the vector related with pointer IU, and
if INP -~ 0, prints it as Output Item 9.

{4) It computes the number of words between points D
and F, and between the beginning of COMMON
and point G, designated in Fig. ITI-1, Vol. II {basic),
and prints out Output Items 7 and 8.

(5) It prints Error Mecssage 5 (see Table VII-1, Vol. I)
if the number of words to the left of point G is less
than 12,750, which is based on the assumption that
the core memory is 32,768 words. (See Appendix,
Val. I for instructions on how to modify the pro-
gram for other core memory sizes.)

Subroutine SRAT calls subroutine TOPQO in obtaining
the vertex labels of the elements, subroutine SEBIN in
generating binary matrix ABIN, and subroutine ARAN to
obtain vector IMAX and the corresponding vector ISIR.

I2. Subroutine TABL. Subroutine TABL is called by
the main program of Link 1. The flowchart and the
source program listing of TABL are given in Fig. VI-10
and Table VII-12, respectively. The function of this
subroutine is to print out Qutput Item 1. It expects the
contents of Input Items 1 and 2 to be available in
COMMON.
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13. Subroutine TICK. Subroutine TICK is called by
the main program of Link 1. It is also called by subrou-
tine ARAN and by the main programs of Links 2, 3,
and 4. The flowchart and the source program listing of
subroutine TICK are given in Fig. VI-11 and Table VII-13,
respectively. The coding is in FAP for the IBM 7094. The
subroutine expects the time in units of 1/60 second in
the absolute memory Iocation 5 as a binary integer. Its
function is to return, as a FORTRAN integer in the argu-
ment, the time, in 1/60-second units, elapsed since the
tirst call. {See Appendix, Vol. I, for instructions on how
to change this subroutine for other machines.)

14. Subroutine TOFPOQ. Subroutine TOPO is called by
the main program of Link 1. It is also called by subrou-
tine SRAT. The flowchart and the source program listing
of TOPO are given in Fig. VI-12 and Table VII-14, re-
spectively, The function of this subroutine may be sum-
marized as follows:

(1) It extracts from J1- J2-, J3-, J4-, J5-, J6-, J7-, J&-,
J9-, and Jl0-pointer-related vectors for the Mth
element the vertex labels in N; vector, the pres-
sure type number in JPRS, the material type num-
ber in IMET, the thickness type number in ITIC,
the temperature increase type number in ITEM, the
temperature gradient in y-direction type number
in JSDY, the temperature gradient in z-direction
type number in JSDZ, the cross-sectional area type
number in JARE, the torsional constant type num-
ber in JTMMX, the y-moment of inertia type number
in JMMY, the z-moment of inertia type number in
JMMZ, and the angle for principal axes type num-
ber in JMFI, as described in Table 1II-2 (Vaol, 1I,
basic).

(2) Tt checks whether the vertex lahels and the prop-
erty type numbers are within the bounds pre-
scribed in Input Item 2. In case of error, the
subroutine continues scanning the properties of
the Mth element and prints out Error Message 3
(see Table VII-1, Vol. 1) after executing the imple-
mentation of the message.



lll. Main Program and Subroutines of Link 2

A. Main Program of Link 2

The flowchart and the source program listing of the
main program of Link 2 are given in Fig. VI-13 and
Table VII-15, respectively. The logical function of the
program may be summarized as follows:

(1) It clears the reduced stiffness matrix area {the IST-
pointer-related vector of Table III-3, Vol. 11, basic).

(2) It generates the elemental matrices in § and P
areas, and assembles these into IST- and IDEF-
pointer-related vectors, sequentially.

(3) It stores on tape ITAS (if available) the elemental
matrices, sequentially,

(4) Depending upon the value of INX, it transfers
control either to the main program of Link 1 or to
the main program of Link 3.

In carrying out function (2) listed above, the program
executes a DO-loop on element labels M. In this loop,
for any element M, it first clears a certain work area
(see block *133 in Fig. VI-13) and sets the variables

ITTT = 0, ITTM = NAV = 1, and CFE = 1. Variable
ITTM is not in COMMON. For element types 1, 2,
3,4, 57,9 11, 13, 15, 17, and 18, ITTM = NAV =1
and CFE = 1, and ITTT is made 1 at block 5100 of
Fig. VI-13. For the remaining clement types, that is, ele-
ment types 6, 8, 10, 12, 14, and 16, the program estab-
lishes subelements as described in Table VI-5 (Vol. I).
For element types 6, 8, 12, 14, and 16, the program
obtains two triangles for every quadrilateral in two ways,
as shown in Table VI-3 {Vol. I}. Since such a procedure
is equivalent to doubling the material volume of the
structure, the elemental matrices are weighted with
constant CFE = 1/2 (See block 4902 of Fig, VI-13);
ITTM is the number of the subelements and ITTT is the
subelement count in each way of subdivision, and
NAV — 1 is the count of subdivisions. For example,
NAV = 2, ITTT = 2 means the second triangle of the
first way of subdivision, and NAV = 3, ITTT = 1 means
the first triangle of the second way of subdivision. The
samc symbolism applies fur element type 10, where
ITTM = 5, which indicates that there are five tetrahe-
drons for every way of subdividing an hexahedron. The
subdivision procedure is achieved as indicated in
block 504 of Fig. VI-13, with the help of subroutine CUTE.
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In the DO-loop on elements, after the initialization of
block *133 (Fig. IV-13), by means of subroutine TOPO,
the descriptive words of the element (the quantities
listed in J1- through J10-pointer-related vectors) are
extracted and analyzed to obtain the vertex labels in
N block and the property type numbers. Next, the vertex
labels are copied to NOO block in preparation for the
subdivision operation and IMS is established. Following
this, the order of the element stiffness matrix 1DS is
determined, actual values of load and geometry con-
straints are obtained, and the material constants are
prepared. Even if an element is subdivided, the same
load, geometry, and material constants are used for the
subelements. The following constants are prepared, as
explained in Seect, I1I-C, Vol, I: E and G for element
types 1, 2, 3, and 4; D21 for element types 9, 10, 15,
and 16; D33 for element types 5, 6, 7, 8, 11, 12, 13, and
14; and E22 for element types 7, 8, 11, 12, and 18. The
constant E is the Young’s modulus, G is the shear modu-
lus, D21 is the upper half of the 6 X6 material matrix,
D33 is the material constants matrix for in-plane defor-
mations, and E22 is the material constants matrix for
out-of-plane deformations. Finally, arrays related with
subelement vertex coordinates and labels are prepared
{see block 5100, Fig. VI-13), the subelement count ITTT
is set, and the number of entries in the free-free stiffness
matrix, 1182, is obtained:; and S and P areas are cleared
for elemental matrices of the subelement/element (see
block 5600, Fig. VI-13).

In the DO-loop on elements, for every subelement/
clement, a free-free stiffness matrix and a load vector are
generated in S and P, respectively. For this purpose the
program calls subroutine STFS, which, in turn, calls
the proper subroutine determined by the type number
of the current element. These subroutines are S01, 502,
S03, S04, SO05, S07, 809, 511, §13, §15, 517, and 518. The
numeral in these names corresponds to the type number
of the element for which the subroutine is directly appli-
cable. In all these subroutines, the input information is
in X, Y, Z, XD, YD, ZD, DT, DG, DGY, DGZ, TE, ALl,
Al2, AL3 E, G, D21, D33, E22, PRES, ACEL, N, CONS,
UV, and COMMON 200-328 locations. The output con-
sists of S, P, and sometimes IPBG and IPEN constants.
The latter two constants indicate whether the element
load vector in P is complete, or whether some additional
operation is necessary in the main program. If IPBG is
nonpositive and IPBG</IPEN, no additional operation
is expected from the main program to modify load vec-
tor P. The thermal portion of load vector P is always
completed by the main program, Before the subroutines
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are called, the main program scts in vector UV the list
of vertex deflections due to DT of the free-free element.
The subroutines called by subroutine STFS modify this
vector properly so that the portion of the element
load vector due to temperature changes can be added to
P as the product of the free-free stiffness matrix of the
element (the quantities in S) times the deflections in
UV by means of subroutine DMM. This is shown in
block 951 of Fig. VI-13. In this figure, Block 953 corre-
sponds to the inquiries on constants IPEN and IPBG.
The modification to vector P in the main program
consists of adding certain constant values derived from
CONS, PRCO, and PD values to certain subvectors of P
as indicated by IPEN and IPBG. The values of IPEN,
IPBG, CONS, PRCO, and PD are dctermined by the
subroutine that generates S and P.

After the generation of § and P in the DO-loop on
elements, the main program scans each entry of $ and P
one at a time and assembles it to the governing equations
of the system, This is the operation in block 9532 of
Fig. VI-13, which ends just before block 95*. The assem-
bly procedure is described in Sect. 11, Vol. II (basic).
With the notation given there, g, €., is, and b, @, jy are
generated in IQE, CCCI, IBS and JQE, CCC]J, JBS loca-
tions of COMMON, respectively, by means of subroutine
DARN. After the assembly of the subelement/element
matrices § and P, if a scratch tape is available, the opera-
tions shown in block 9982 (Fig. IV-13} are for future
reference, Next, ITTT is compared with ITTM, and the
value of NAV (which is updated by subroutine CUTE)
is inquired. When the last subelement of the last sub-
division is completed, the process is repeated for the next
element until all the elements are handled, Then, scratch
tape ITAS (if prescribed) is rewound, the total time
elapsed since the first entry to the main program is ob-
tained by means of subroutine TICK and recorded, and
the transfer of control is made.

The main program of Link 2 is also responsible for the
production of Output Items 14, 15, 16, and 17, as pre-
scribed by INP and subroutine CAS2 (see Table VI-1,
Vol. I). At the end of Link 2, the coefficients in the
shaded areas of Fig. II-1, Vol. I, are generated and stored
in IST- and IDEF-pointer-related arrays of COMMON,

B. Subroutines of Link 2

1. Subroutine ADM. Subroutine ADM is called by
subroutines $05, 507, §09, §15, 517, and 518. The flow-
chart and the source program listing of ADM are given



in Fig. VI-14 and Table VII-16, respectively. The sub-
routine has seven arguments. The function of the subrou-
tine is to add a constant times a square matrix to another
one which is symmetric. The constant is given by the
seventh argument, the matrix to be added is given by
the third argument, and the matrix to be increased is
given by the first argument. The order of the latter ma-
trix is given in the second argument, the order of the
former by the fourth argument. Since the orders are dif-
terent, the row and column numbers of the entry in the
matrix of the first argument corresponding to the first
entry of the matrix of the third argument are given with
the fifth and sixth arguments. The addition operation is
carried out such that the matrix of the first argument
always remains symmetrical, Both matrices are assumed
to be listed columnwise, with the column orders as pre-
scribed by the second and fourth arguments. The order
of the matrix in the third argument cannot be larger
than 4. There is no error return of the subroutine. In all
cases, the matrix in the first argument is the free-free
stiffness matrix of various types of elements, and the
matrix in the third argument is usually a submatrix re-
lated with given degree-of-freedom directions.

2. Subroutine BEAM. Subroutine BEAM is called by
subroutines S02 and S04, The flowchart and the source
program listing of BEAM are given in Fig, VI-15 and
Table VII-17, respectively. This subroutine generates, in
local coordinates, the free-free stiffness matrix of a planar
beam element and stores it in A(6,6), which is located in
COMMON (200). The matrix may be partitioned with
respect to degrees of freedom (nine submatrices, 2 X 2
each). In generation of the stiffness matrix, the shear
deformations are ignored.

3. Subroutine CAS2. Subroutine CAS2 is called by the
main program of Link 2. The standard ELAS contains
only the dummy version of this subroutine, as shown in
Table VII-18. If Output Items 14, 15, and 16 are to be
produced selectively, the subroutine should be rewritten
by the user, as explained in Sect. V-G, Vol. 1. The logical
function of this subroutine is to change the value of INP
as desired in the DO-loop on elements of the main pro-
gram of Link 2,

4. Subroutine CODI, Subroutine CODI is called by
subroutines 802, $03, and 504. The flowchart and the
source program listing of CODI are given in Fig, VI-16
and Table VII-19, respectively. The subroutinc generates
the direction cosines of the loeal axes for element types 2,

3, and 4 in DIR(3,3) array, which is located in

COMMON(264). The first row of DIR corresponds to
local x-axis, the second row corresponds to local y-axis,
and the third row corresponds to local z-axis. (See
Table 111-3, Vol. I, and the description of Input Item 13,
Sect, IV-B, Vol. I, for the rules covering the local coor-
dinate systems of these elements,) The subroutine sets
IERR = 1 and returns control to the calling program as
soon as an error is detected.

5. Subroutine CORT. Subroutine CORT is called by
subroutines §11 and S13. The flowchart and the source
program listing of CORT are given in Fig. VI-17 and
Table VII-20, respectively, The subroutine generates the
direction cosines of the local coordinate axes for ele-
ments 11 and 13 in DIR(3,3) array, which is located in
COMMON(264), The first, second, and third rows of
DIR correspond to the first, second, and third local axis,
respectively, (See Table I1I1-3, Vol, I, for the rules in
selecting the local coordinate system for elements 11 and
13.) After computation of direction cosines, the subrou-
tine replaces X, Y, and Z values with the coordinates of
the vertices in a coordinate system located usually at the
centroid of the element and yet paralle] to the local co-
ordinate system of the element. Next, the subroutine
computes in XD, YD, and ZD the coordinates of the
second and third vertex in a coordinate system that is
located at the first vertex, yet is parallel to the local co-
ordinate system of the element. There is no error return
in the subroutine,

6. Subroutine CUTE. Subroutine CUTE is called by
the main program of Link 2. The flowchart and the
source program listing of the subroutine are given in
Fig. VI-18 and Table VII-21, respectively. This subrou-
tine has the ITTM value as an argument (see Sect. ITI-A),
The subroutine is called twice for element types 6, 8,
10, 12, 14, and 16 and is not called for other types of
elements. Each time it is called for an element, the
subroutine increments NAV (see Sect. III-A) by 1,
determines ITTM, IMS, IELT, IDS values for the sub-
elements; and generates in NOO array the list of mesh-
point labels that conform to the (NAV — I)st row in
part A or B of Table VI-5, Vol I, depending upon
whether the value of ITTM is 2 or 5, respectively. For
example, for a quadrilateral element with mesh-point
labels 13, 8, 51, 16, the value of ITTM is 2, and if
NAV = 2, according to the first line of Table VI-BA,
Vol. I, the NOO array contains the following list: 13, 8,
51, 51, 16, 13. There is no error return in the subroutine.

7. Subroutine DARN. Subroutine DARN is called by
the main program of Link 2. The flowchart and the
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source program listing of the subroutine are given in
Fig. VI-19 and Table VII-22, respectively. The subrou-
tine has four arguments. The last three arguments, KBS,
CCC, and KQE, correspond to i, € and g (or js, G
and b), respectively, of Sect. II, Vol. II (basic). The first
argument is the label of the degree-of-freedom direction
under question (see Sect. II-A). To achieve this func-
tion, subroutine DARN interprets the entries of IBB-,
IBO-, and IIC-pointer-related vectors, as described in
Table VI-2, Vol. I. In case of error, the last argument is
set to zero, and the subroutine returns control to the call-
ing program,

8. Subroutine DMM. Subroutine DMM is called by
the main program of Link 2. The flowchart and the
source program listing of the subroutine are given in
Fig. VI-20 and Table VII-23, respectively. The subrou-
tine has four arguments. The first argument is a square
matrix, and the second and fourth are vectors of order
given by the third argument. The square matrix is as-
sumed to be listed columnwise (the number and orders
of the vectors being equal to the third argument). The
subroutine adds on the vector in the fourth argument
the product of the matrix in the first argument by the
vector in the second argument. There is no error return
in the subroutine.

9. Subroutine ELDI. Subroutine ELDI is called by
subroutines S0I, 502, and 504. The flowchart and the
source program listing of ELDI are given in Fig. VI-Z1
and Table VII-24, respectively. The subroutine generates
in vector PD) the direction cosines of the pressure direc-
tion for element types 1, 2, and 4. (See description of
Input Item 4, Sect. IV-B, Vol. I, and Table III-3, Vol. I,
for the rule for determining the pressure direction.) If
the element is in the general wind direction, the pressure
is set to zero. If an error is encountered, IERR is set to 1,
and the subroutine returns control to the calling program.

10. Subroutine PLBE. Subroutine FPLBE is called by
subroutines 503, and 804, The flowchart and the source
program listing of PLBE are given in Fig. VI-22 and
Table VII-25, respectively. This subroutine generates,
in local coordinates, the free-free stiffness matrix of a
grid beam element in A(66), which is located in
COMMON(200}). The matrix may be partitioned with
respect to degrees of freedom (nine submatrices, 2X2
each). In generation of the stiffness matrix, the shear
deformations are ignored.

11. Subroutine RLOC. Subroutine RLOC is called by
subroutines $02, 803, and S04. The flowchart and the
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source program listing of RLOC are given in Fig, VI-23
and Table VII-26, respectively. Its function is similar to
that of subroutine ADM, described in Sect. III-B. The
arguments in this subroutine are all implicit. They are S,
A, IDS, IL, JT, IR, JR, NY. The subroutine assumes that S is
an IDS X IDS matrix; A is a 6 X 6 matrix. The objective of
the subroutine is to put NY X NY submatrix of matrix A
on matrix 8. The constants IT and J] are the row and col-
umn numbers of the first word of NY X NY submatrix of
matrix A. The constants IR and JR are the row and col-
umn numbers of the corresponding word in matrix 8, In
contrast to subroutine ADM, subroutine RLOC does not
add, but replaces the entries of matrix A on S. After the
replacement, the processed portion of A is npullified.
There is no error return in the subroutine.

12. Subroutine SO0I. Subroutine 501 is called by sub--
routine STFS. The flowchart and the source program
listing of S01 are given in Fig. VI-24 and Table VII-27,
respectively. The subroutine generates in S the free-free
stiffness matrix of element type 1 in the overall coordi-
nate system, and determines constants PRCO, CONS,
IPBG, and IPEN for the generation of load vector P (also
in overall coordinates) in the main program of Link 2, as
described in Sect. III-A. The portion of the load vector
related with the temperature change is also handled in
the main program of Link 2. To obtain the direction co-
sines of the unit vector in the pressure direction, subrou-
tine S01 calls subroutine ELDI. When an error condition
is encountered, subroutine 801 sets IERR to I and returns
control to the calling program.

13. Subroutine S02. Subroutine 502 is called by sub-
routine STFS. The flowchart and the source program list-
ing of S02 are given in Fig. VI-25 and Table VII-28,
respectively. The subroutine generates in S the free-free
stiffness matrix of element type 2 in the overall coordinate
system, determines constants PRCO, CONS, IPBG, IPEN,
and modifies vector UV so that load vector P expressed
in overall coordinates can be generated by the main pro-
gram of Link 2 {see Sect. III-A). By calling subroutine
CODY], subroutine S02 first generates the direction cosines
of the local axes in DIR(3,3). Then subroutine BEAM is
called to generate in A(6,6) the free-free stiffness matrix
of the element in the local coordinate system. The direc-
tion cosines of the direction normal to the element are
ohtained and stored in PD(3) by means of subroutine
ELDI. Then the free-free stiffness matrix, in local coor-
dinates, is carried from A(8,6) into S by means of sub-
routine RLOC. Finally, by calling subroutine STRA,
subroutine S02 obtains and stores in S the description of



the frec-free stiffness matrix in the overall coordinate
system. The content of COMMON location IERR is trans-
mitted intact to the calling program for error handling.

14. Subroutine 503. Subroutine S03 is called by sub-
routine STFS. The flowchart and the source program list-
ing of 503 are given in Fig. VI-26 and Table VII-29,
respectively. The subroutine generates in S the free-free
stiffness matrix of element type 3 in the overall coordi-
nate system, modifies vector UV so that the portion of
element load vector P related with the thermal loads can
be generated in the main program of Link 2, and gener-
ates the remaining portion of element load vector P in
the overall coordinate system. By calling subroutine
CODI, subroutine 503 generates the direction cosines of
the local axes in DIR(3,3). Then, by means of subroutine
PLBE, the free-free stiffness matrix of the element in the
local coordinate system is obtained and stored in A(6,8).
The free-free stiffness matrix in local coordinates is car-
ried from A(6,6) into S by means of subroutine RLOC.
By calling subroutine STRA, subroutine S04 obtains and
stores in S the description of the free-free stiffness matrix
in the overall coordinate system. The load vector due to
pressure and acceleration is obtained in the overall co-
ordinate system and stored in P. The distortions of the
free-free element due to temperature gradient are first
obtained in the local coordinate system, then, by means
of subroutine TRAN, in the overall coordinate system,
and both descriptions are placed in UVG. Vector UVG
is then added to vector UV, so that the main program of
Link 2 can handle the thermal portion of P (see
Sect. III-A). The content of COMMON Iocation IERR
is transmitted intact to the calling program for error
handling.

15. Subroutine S04. Subroutine S04 is called by sub-
routine STFS. The flowchart and the source program list-
ing of 504 are given in Fig. VI-27 and Table VII-30,
respectively. The program generates in S the free-free
stiffness matrix of element type 4 in the overall coordi-
nate system, and the description of the element load
vector P in the overall coordinate system is partly ob-
tained. The remaining portion of element load vector P
is obtained in the main program of Link 2, By calling
subroutine CODI, subroutine $04 first obtains and stores
in DIR(3.3) the direction cosines of the local axcs. Then
the contributions of the pressure and the acceleration
loadings to the description of element load vector P in
the overall coordinate system are partly obtained. In
obtaining the pressure direction, subroutine S04 calls
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subroutine ELDI. The stiffness matrix in the local coor-
dinates is obtained in two steps. In the first step, sub-
routine BEAM is called to obtain the stiffness of the
element in the local xy plane for storage in A(8,6). Then
this matrix is carried into S by calling subroutine RLOC
four times. In the second step, subroutine PLBE is called
to obtain the stiffness of the element for deformations out
of the local xy plane for storage in A(6,6), and the matrix
is carried into § by calling subroutine RLOC once. The
description of the free-free stiffness matrix is first ob-
tained in local coordinates, then by means of subroutine
STRA, in overall coordinates, for storage in S. So that
the thermal load portion of P can be properly obtained
in the main program of Link 2, subroutine $04 first com-
putes into UVG the distortions of the free-free element
due to temperature gradients, in the local coordinate
system. Then, by means of subroutine TRAN, this vector
is expressed in the overall coordinate system and added
to vector UV. The content of COMMON location IERR
is transmitted intact to the calling program for error
handling.

16. Subroutine 505. Subroutine S05 is called by sub-
routines STFS, §11, 513, and 515. The flowchart and the
source program listing of S05 are given in Fig, VI-28
and Table VII-31, respectively. When called by STFS
{COMMON location IGEM is zero when called by
STFS), subroutine S05 generates the free-free stiffness
matrix S and partially generates load vector P of element
type 5 in the overall coordinate system. When called by
subroutines S11 and $13, it generates S and P (partially)
in the local coordinates of the element, for element types
11 and 13, respectively, for membrane stretching. Actu-
ally, for the latter type of elements, X, Y, Z, XD, YD,
and ZD contain local coordinates of the vertices. By call-
ing subroutine TRIM, subroutine 505 first generates [M]
and [N] matrices (defined in Ref. 2), in EM and EN
locations in COMMON. The [D] matrix (Ref. 2) corre-
sponds to D33 in the subroutine. As far as the free-free
stiffness matrix is concerned, the objective of this sub-
routine is to gencrate the [Ky] matrix of Eq. (46) in
Ref. 2 witha = b = ¢ = d = e = 0. Submatrices [P],
[Q], and [R] (Ref. 2) are obtained by executing the
triple matrix products by means of subroutine TRM, and
then placed into § by means of subroutine ADM. For
element types 11 and 13, pressure loading is not consid-
ered in this subroutine, but for element type 5, the pres-
sure loading is handled in this routine. In the latter case,
if the element is a subelement, the pressure is considered
only for the first subelement of both ways of subdivisions
(see Sect, III-A). Constants IPBG, IPEN, and CONS for
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the handling of the acceleration loading in the main pro-
gram of Link 2 are generated in this subroutine for all
cases. The temperature loading portion of element load
vector P is also handled in the main program of Link 2.
When an error condition is encountered, the subroutine
sets IERR to 1 and returns control to the calling pro-
gram. The explicit expression of the free-free stiffness
matrix may be obtained from Ref. 2.

17. Subroutine 8§07. Subroutine S07 is called by sub-
routines STFS and S11. The flowchart and the source
program listing of SO7 are given in Fig. VI-29 and
Table VI1-32, respectively. If the calling program is 511,
then X, Y, Z, XD, YD, and ZD contain the local coordi-
nates of the vertices; therefore § and P represent the
frec-free stiffness matrix and the element load vector for
bending of element type 11, in local coordinates. If the
calling program is STFS, S and P represent the free-free
stiffness matrix and the element load vector of element
type 7, in the overall coordinate system. The portion of P
related with pressure loading is generated by subroutine
S07. The constants IPBG, IPEN, and CONS are gener-
ated by subroutine SO7 so that the portion of the vector P
related with acceleration loading can be handled in the
main program of Link 2 (s¢e Sect. III-A). The portion
of P related with the thermal loads is also handled in the
main program of Link 2. Subroutine SO7 generates in
vector UV the distortions of the free-free element due to
temperature gradient {see Sect. III-A). By calling sub-
routine TRIM, subroutine SO7 first obtains [M], [N],
and [L] matrices of Ref. 2 in locations EM, EN, and EL.
The matrices [D] and [127] of this reference correspond
to D33 and E22 in the subroutine. The triple matrix
products indicated by Egs. (43) and (51) of Ref. 2 are
carried out by means of subroutine TRM, and arc prop-
erly placed into S by means of subroutine ADM. The
objective of subroutine SO7 in generating $ is to obtain
the shaded portions of [K,] and [K;] matrices given by
Eqs. (49) and (55} of Ref. 2. In generating the shaded
portion of [Ks] given by Eq. (55) of Ref. 2, the subrou-
tine uses the “constant trace scheme” of Ref. 3. When
an error condition is detected, the subroutine sets IERR
to 1 and returns control to the calling program,

18. Subroutine 509. Subroutine S09 is called by sub-
routine STFS. The flowchart and the source program
listing of S09 are given in Fig. VI-30 and Table VII-33,
respectively. The objective of this subroutine is to com-
pute the free-free stiffness matrix and the element load
vector of element type 9, in the overall coordinate system,
into locations § and P. The portion of P related with
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pressure loading is generated in subroutine $09. The sub-
routine generates the values of IPBG, IPEN, and CONS
values for the handling of the acceleration loading por-
tion of P in the main program of Link 2, which also
handles the thermal load portion. The submatrices of the
free-free stiffness matrix are obtained in the form of
triple matrix products computed by means of subroutine
TBRM. These submatrices are properly placed in § by
means of subroutine ADM. If the volume of the element
is too small relative to a reference volume, an error mes-
sage is printed out and the generation of § and P is
skipped. If an error condition is encountered during the
execution of the subroutine, IERR is set to 1, and control
is returned to the calling program,

19. Subroutine S11. Subroutine S11 is called by sub-
routine STFS. The flowchart and the source program
listing of SI11 are given in Fig. VI-31 and Table VII-34,
respectively. The objective of this subroutine is to gen-
erate the free-free stiffness matrix and partially generate
the element load vector in § and P, respectively, of
element type 11, in the overall coordinate system.
The matrix in S is that of Eq. (61) of Ref. 2, with
a=D0b=c=d=e =0 Subroutine §11 first calls sub-
routine CORT to obtain and store in X, Y, Z, XD, YD,
ZD, the coordinates of the vertices in the local coordinate
system, and the direction cosines of the local axes in
DIR{3,3). Next, by calling subroutine 507, subroutine $11
generates the bending portion of S and P by assuming
the order as 9. Next, the quantities in § and P are prop-
erly relocated so that § and P are of order 18. The same
relocation is applied to vector UV, which is generated by
subroutine S$07. After this, subroutine S11 calls subrou-
tine SO5 to generate the membrane portion of S and P.
The P vector is partially generated in subroutine S11. The
acceleration loading and the thermal loading portions of
P are handled in the main program of Link 2 (see
Sect. III-A). Subroutine S11 calls subroutine TRAN to
express P and UV in overall coordinates, and subroutine
STERA to express S in overall coordinates. The content of
COMMON Ilocation IERR is transmitted intact to the
calling program for error handling.

20. Subroutine §13. Subroutine $13 is called by sub-
routing STFS. The flowchart and the source program
listing of 513 are given in Fig. VI-32 and Table VII-35,
respectively. The objective of this subroutine is to gen-
erate the free-free stiffness matrix and partially generate
the element load vector in S and P, respectively, of ele-
ment type 13, in the overall coordinate system. Subrou-
tine §13 first calls subroutine CORT to obtain and store
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in X, Y, Z, XD, YD, ZD the coordinates of the vertices in
the local coordinate system, and the direction cosines
of the local axes in DIR(3,3). Next, subroutine 513 calls
subroutine S05 to generate the membrane rigidity and
the corresponding load vector in S and P. The pressure
load portion of P is generated in subroutine $13, and the
acceleration loading portion and the thermal load por-
tion of P are generated in the main program of Link 2
(see Sect. I1I-A). Having generated S and P in local co-
ordinates, subroutine 513 calls subroutine TRAN to ex-
press P in the overall coordinate system, and subroutine
STRA to express S in the overall coordinate system. The
content of COMMON location IERR is transmitted in-
tact to the calling program for error handling.

21. Subroutine 515. Subroutine 515 is called by sub-
routine STFS. The flowchart and the source program
listing of $15 are given in Fig. VI-33 and Table VII-36,
respectively. The objective of this subroutine is to gen-
erate the free-free stiffness matrix and the element load
vector of element type 153, in locations § and P, expressed
in the overall coordinate systermn. Only the thermal load
portion of P is generated in the main program of Link 2
(see Sect. III-A). The generation of the free-free stiffness
matrix is performed as described in Ref. 4. The terminol-
ogy of Table VII-36 should be interpreted in the light
of Ref. 4. Subroutine S15 calls subroutine TRIM to ob-
tain the EM and EN arrays corresponding to M and N,
respectively, of Ref. 4. The triple matrix products of
Ref. 4 are performed by means of subroutine TRM, and
properly placed in S by means of subroutine ADM. The
first term in Eq. (9) of Ref. 4 is obtained in $ by means
of subroutine S05. In ease of error, IERR location is set
to 1 and control is returned to the calling program,

22, Subroutine SI7, Subroutine $17 is called by sub-
routines STFS and §18. The flowchart and the source
program listing of S17 are given in Fig. VI-34 and
Table VII-37, respectively. The objective of this subrou-
tine is to generate the free-free stiffness matrix and the
element load vector of element type 17, in locations S
and P, expressed in the overall coordinate system. Only
the thermal load portion of P is generated in the main
program of Link 2 (see Sect. III-A). The generation of
the free-free stiffness matrix is performed as described
in Ref. 5. The triple matrix products of this reference are
performed by means of subroutine TRM, and properly
placed in S by means of subroutine ADM. The terminol-
ogy in Table VII-37 should be interpreted in the light
of Ref. 5. In case of error, location IERR is set to 1 and
control is returned to the calling program,
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23. Subroutine S18. Subroutine S18 is called by sub-
routine STFS. The flowchart and the source program
listing of 518 are given in Fig. V1-35 and Table VII-38,
respectively. The objective of this subroutine is to gen-
erate the free-free stiffness matrix and the element load
vector of element type 1§, in locations S and P, expressed
in the overall coordinate system. Only the thermal load
portion of P is generated in the main program of Link 2
(see Sect. III-A). The generation of the free-free stiffness
matrix is performed as described in Ref. 5. For this pur-
pose, subroutine S18 first calls subroutine $17 to generate
the membrane portion of S and P. The triple matrix
products of Ref. 5 are performed by means of subroutine
TRM, and propetly placed in § by means of subrou-
tine ADM. The terminology in Table VII-38 should be
interpreted in the light of Ref. 5. Before returning con-
trol to the calling program, the subroutine modifies
vector UV for the inclusion of thermal gradient effects.
The content of COMMON location IERR is transmitted
intact to the calling program for error handling.

24, Subroutine STFS. Subroutine STFS is called by
the main program of Link 2, The flowchart and the
source program listing of STFS are given in Fig. VI-36
and Table VII-39, respectively. The subroutine has one
argument, which is the type number of the current ele-
ment being processed by the calling program. The func-
tion of this subroutine is to call the proper subroutine
from among 801, 502, S03, S04, 505, 507, S09, S11, S13,
S15, 817, and S18 to suit the type number in the argu-
ment. The functions of these subroutines are to generate
the free-free stiffness matrix, and partially generate the
element load vector, in locations S and P, expressed in
the overall coordinate system. There is no error return
in the subroutine.

25. Subroutine STRA. Subroutine STRA is called by
subroutines S02, S03, S04, S11, and S13. The flowchart
and the source program listing of STRA are given in
Fig. VI-37 and Table VII-40, respectively. The objective
of this subroutine is to generate in § the description of
the free-free stiffness matrix, in overall coordinates,
from the description in local coordinates in S, and the
directions cosines of local axes in DIR(3,3). The subrou-
tine assumes that S is an IDS X IDS matrix. By calling
subroutine TRAN, 1DS times, subroutine STRA first ob-
tuins and piaces the description of each of the IDS
vectors of 8, in overall coordinates, in the same § loca-
tions, Then it generates in § the transpose of IDS X IDS
free-free stiffness matrix. Finally, by calling subroutine
TRAN, again IDS times, subroutine STRS obtains and
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places the description of each of the IDS vectors of the
transposed matrix, in overall coordinates, in the same S
locations. The final matrix is the description of the free-
free stiffness matrix in the overall coordinate system.
There is no error return in the subroutine, and all argu-
ments are implicit.

28, Subroutine TICK. Subroutine TICK is called by
the main program of Link 2. It is identical with sub-
routine TICK of Link 1. For further information, see
Sect. II-B-13. The source program listing of this program
is given in Table VII-41.

27. Subroutine TOPO. Subroutine TQPO is called by
the main program of Link 2. The flowchart and the
source program listing of TOFO are given in Fig. VI-38
and Table VII-42, respectively. The objective of this sub-
routine is to extract and analyze the descriptive words
of the element being currently processed by the main
program of Link 2. The subroutine is identical with sub-
routine TOPO of Link 1 up to the statement whose num-
ber is 1450 (see Fig. VI-38). As a result of the analysis
of the descriptive words, the vertex labels and the prop-
erty type numbers of the element are obtained in N block
and in locations IELT, IMET, JPRS, ITIC, ITEM, JSDY,
JSDZ, JMMX, ]MMY, JMMZ, JMFL, JARE, respectively.
In case of error, the subroutine returns control to the call-
ing program.

28. Subroutine TRAN. Subroutine TRAN is called by
subroutines S03, S04, 811, S13, and STRA. The flowchart
and the source program listing of TRAN are given in
Fig. VI-39 and Table VII-43, respectively. The subrou-
tine has two explicit arguments. The objective of this
subroutine is to generate the description of a vector of
order (IGEM + 1)*IMS#3 in the overall coordinates from
the description of the vector in the local coordinates,
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and DIR(3,3) (the directions cosines of local axes). The
description of the vector in the local coordinate system
is in the array indicated by the first argument, just after
the entry indicated by the second argument. The sub-
routine first computes the description of the vector in
the overall system in DUM block, and then carries it
on the local description, There is no error return in the
subroutine.

29. Subroutine TRIM. Subroutine TRIM is called by
subroutines $05, 807, and S15. The flowchart and the
source program listing of TRIM are given in Fig. VI-40
and Table VII-44, respectively. The objective of this
subroutine is to obtain in blocks EM, EN, and EQ the
matrices [M], [N], and [L] of Ref. 2 from the informa-
tion in XD and YD, There is no error return in the
subroutine.

30. Subroutine TRM. Subroutine TRM is called by
subroutines 505, 507, S09, 515, 5§17, and 518. The flow-
chart and the source program listing of TRM are given
in Fig, VI-41 and Table V11-45, respectively, The objec-
tive of the subroutine is to perform triple matrix prod-
ucts of the type [BIT[A][B] or [CT}[A][B] where [A]
is always a symmetric matrix of order 3 or less, and [B]
and [C] matrices of order (3X4) or less. The subroutine
has five arguments. If the last argument is negative,
[CT1[A][B] is performed; if the last argument is posi-
tive, [B]"[A][B] is performed. The order of the sym-
metric matrix [A] is given by the fourth argument. The
absolute value of the last argument is the column order
of [C] or [B]. The matrices [A], [B], and [C] are in-
dicated by the first, second, and third arguments, respec-
tively. The subroutine returns control to the calling
program by placing the triple product into the array
indicated by the third argument. There is no error return
in the subroutine.
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IV. Main Program and Subroutines of Link 3

A. Main Program of Link 3

The flowchart and the source program listing of the
main program of Link 3 are given in Fig. VI-42 and
Table VII-46, respectively. The logical function of the
program may be summarized as follows:

(1) The program generates and stores the upper de-
composed stiffness matrix in the IST-pointer-
related vector, and the unknown deflections in the
IDEF-pointer-related vector.

(2) Possibly destroying some portions of the decom-
posed stiffness matrix, the program generates in
BB array the complete list of nodal deflections,
and carries them onto the IDEF-pointer-related
vector.

(3) If execution of the stress link is requested, ie., if
INX = 4, the program computes into the IST-
pointer-related vector the forces acting on mesh
points (see Output Item 20, Sect. VI-D, Vol. I).

(4) IE INX = 4 the program generates i the IST-
pointer-related vector the list of labels of the ele-
ments meeting at the mesh points, immediately
after the residual forces computed in (3), and

saves this list on tape ITAS for use in Link 4.
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(3) Depending upon the values of INX and ITAS, the
main program transfers the control either to Link 4
or to Link 1, as the logically last operation.

In carrying out function (1), the program calls sub-
routine VELAS, which requires as arguments the number
of equations in the system, the pointer of the list of
pointers of the diagonal elements of the coefficient ma-
trix, the pointer of the coefficient matrix, and the pointer
of the right-hand-side vector. The suceessful solution of
linear equations is indicated by the zero content of the
second argument. Function (2) is carried out with the help
of the information in IBO-, IBB- and IIC-pointer-related
arrays and within the framework of Table I1I-1, Vol. L
The program produces Qutput Item 19 from BB block,
and calls subroutine PUNC for other modes of output
(see Sect. V-F, Vol. I). Then, the information in BB block
is carried out to the IDEF-pointer-related vector for use
in Link 4. To earry out function (3), the program calls
subroutine RESI, and to produce Output Item 20, it
calls subroutine RESW. Function (4) is carried out by
means of subroutine E1.5T. The main program, in mea-
suring the elapsed time in executing Link 3, and solving
the linear equations, calls subroutine TICK. QOutput
Items 18, 19, and 21 are directly produced by the main
program.
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B. Subroutines of Link 3

I. Subroutine ELST. Subroutine ELST is called by
the main program of Link 3. The flowchart and the
source program listing of ELST are given in Fig. VI-43
and Table VII-47, respectively. The function of the sub-
routine is to generate, for each node, information listing
the labels of the non-cne-dimensional elements meeting
at a node. This information is listed as a one-dimensional
array starting immediately after the residual forces pro-
duced by subroutine RESI (between points E and E’ in
Fig. II1-1, Vol. 11, basic). For this purpose, 13 words are
assigned for every mesh point. The first word contains
the number of non-one-dimensional elements meeting
at the mesh point, and the remaining words the labels of
these elements. Whenever there are more than 12 non-
one-dimensional elements meeting at the mesh point,
subroutine ELST returns control to the calling program
by setting ITAS to zero, thus preventing the executjon of
Link 4 even if INX = 4. When the number of non-one-
dimensional elements meeting at a mesh point and their
labels are obtained successfully, the subroutine generates
one logical record on tape ITAS for each mesh point to
contain such information, and thus releases the corre-
sponding core area. These records are listed after the
elemental matrices, and are ordered with the labels of
the mesh points. The subroutine also counts the one-
dimensional elements and saves the total in COMMON
location JONE. If a mesh point does not have any non-
one-dimensional elements, the respective record in tape
ITAS contains the label of this mesh point and two nega-
tive integers. The subroutine, before returning control to
the calling program, positions the tape to the nodal set
information of the first mesh point by means of IN num-
ber of BACKSPACE commands.

2, Subroutine PUNC. Subroutine PUNC is called by
the main program of Link 3. The standard ELAS con-
tains only the dummy version of this subroutine, as
shown in Table VII-48. If the user wishes to produce
Output Item 19 in different media and format, he may
do so by writing his version of this subroutine, as ex-
plained in Sect. V-F, Vol. I. The logical function of this
subroutine is to copy deflections from BB block to the
desired output media with the desired format,

3. Subroutine RESI. Subroutine RESI is called by the
main program of Link 3. The flowchart and the source
program listing of RESI are given in Fig. VI-44 and
Table VII-49, respectively. The function of this subrou-
tine is to generate the forces acting at the mesh points,
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in the overall coordinate system, in the IST-pointer-
related vector, Such forces consist of nonthermal element
forces less the elastic forces (element stiffness matrix
times the vertex deflections). In the absence of thermal
loading, these forces represent the round-off errors at a
nonboundary point, and the reaction force at a boundary
point where the dcflections are prescribed, or prescribed
concentrated loads where the deflections are not pre-
scribed. In this context, these forces are labelled as the
residual forces. The residual {orces are used in Link 4
to compute average stresses at the boundary points. To
compute the residual forces, subroutine RESI clears the
first IND words of the IST-pointer-related vector, and
considers that the residual forces are to be listed as in
Table II1-3 with increasing mesh-point labels and con-
forming with Table III-1, Vol. I {i.e., the residual forces
of the first mesh point are to be listed first, the residual
forces of the second mesh point are to be listed second,
ete.). Since tape ITAS is already positioned by the main
program of Link 2 for this purpose, the subroutine reads
in sequentially the clement matrices (the stiffness matrix
and the load vector without thermal load contribution}
one at a time, and performs the operation of “element
load vector less element stiffness matrix times vertex
deflections,” and assembles the resulting vector onto the
vector of residual forces. In the case of subelements,
the scaling factors discussed in Section III-A are prop-
erly considered. If an error is detected during the tape
handling, the subroutine sets the contents of ITAS to
zero and returns control to the calling program, thus
preventing the execution of Link 4 even if INX = 4. The
residual forces are kept intact in the core until the exe-
cntion af Link 4 is completed.

4. Subroutine RESW. Subroutine RESW is called by
the main program of Link 3, if INP 3£ 0. The flowchart
and the source program listing of RESW are given in
Fig. VI-45 and Table VII-30, respectively. The purpose
of this subroutine is to produce Qutput Item 20. This is
achieved by looping on mesh points. At every loop cycle,
the subroutine first abstracts the residual force of the
respective mesh point from the list of residual forces in
the 1ST-pointer-related vector, and arranges the compo-
nents to a complete six-component vector in accordance
with Table III-1, Vol. 1, and finally prints a line for these
components. The ordering of the residual forces is ex-
plained in Table III-3, Vol. II (basic). In arranging the
components of a mesh point, the subroutine uses the con-
stant IELT, which is generated by the main program of
Link 3 for Qutput Item 19 (the ordering of Output
Ttems 19 and 20 is similar). There iz no error return in
the subroutine.
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5. Subroutine TICK. Subroutine TICK is called by the
main program of Link 3. It is identical with subroutine
TICK of Link 1. For further information see Section II-
B-13. The source program listing of this program is given
in Table VII-31.

6. Subroutine VELAS. Subroutine VELAS is called by
the main program of Link 3. The flowchart and the
source program listing of VELAS are given in Fig. VI-46
and Table VII-52, respectively. The purpose of this sub-
routine is to solve linear equations with positive-definite,
symmetric, and variable-banded coefficient matrices. The
subroutine has four explicit and no implicit arguments.
The first argument is the order of the linear system
(i.e., the number of equations); at entry to the program,
the second argument contains the pointer of the vector
listing the pointers of the diagonal elements of the co-
efficient matrix; the third argument is the pointer of the
coefficient matrix; the fourth argument is the pointer of
the right-hand-side vector. Subroutine VELAS assumes
that the arrays related with the last three arguments are
all in COMMON. By applying the Cholesky scheme, the
subroutine first obtains the decomposed matrix (referred
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to in Fig. VI-46 as U(L]J)) on the coefficient matrix (re-
ferred to in Fig. VI-46 as A(L])); then by a forward
sweep it obtains the auxiliary solution (referred to in
Fig. VI-46 as Y(I)) in the right-hand-side vector (referred
to in Fig. VI-46 as B(I}}; and finally, by a backward
sweep, it obtains the solution vector (referred to in
Fig. V1-46 as X(I)) in the right-hand-side vector (referred
to in Fig. VI-46 as B(I)). During decomposition, if the
quantity under the radical sign is nonpositive, the sub-
routine returns control to the calling program by setting
the location of the associated diagonal element relative
to the beginning of the coefficient matrix in the second
argument. If the first argument is nonpositive, the return
is made by setting the second argument to — 1. The sub-
routine assumes that a quantity is positive if it is larger
than the 10-*" multiple of the smallest diagonal element
(in magnitude} of the coefficient matrix. During decom-
position, the subroutine uses NN locations immediately
after the array related with the third argument to store
the number of matrix elements in the columns of coeffi-
cient matrix within the shaded area shown in Fig. II-1,
Vol. I. Here NN is the order of the system, The subrou-
tine assumes that the coefficient matrix is arranged as
described in Table I11-3 under IST-pointer-related vector.

JPL TECHNICAL REPORT 32-1240



V. Main Program and Subroutines of Link 4

A. Main Progrum of Link 4

The flowchart and the source program listing of the
main program of Link 4 are given in Fig. VI-47 and
Table VII-53, respectively. The logical functions of the
program may be summarized as follows:

(1} For line elements, by means of subroutine DIMI,
the program computes stress resultants at the end
points of the elements and prints out Output
Itermn 24.

(2) For non-one-dimensional elements, it computes,
with the method described in Sect. II, Vol II
{basic), the stresses at the mesh points and prints
out Output Item 22, by means of Link 4 programs
other than DIMI,

(3) It transfers control to the main program of Link 1
as the logically last operation.

By checking the contents of IONE (see Sect. IV-B-1),
the main program performs either function (1) or (2) or
hoth.

If function (2) is to be performed, the program checks
whether the starting point of vector FF (see Tables I11-4
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and HI-5, Vol. II, basic) and point E (see Fig. III-1,

Vol. II, basic) are overlapping. If overlapping occurs,
Error Message 23 is produced and no stress computation
is done. Otherwise the main program loops on mesh
points with the objective of computing stresses at a
mesh point for each material group and for each class
group (see Output Item 22 in Sect. VI-E, Vol. I). When
the loop on mesh points is satisfied, if there are line
elements in the structure, the main program calls sub-
routine DIMI for function {1). During the performance of
function (2), the program calls subroutines ABEQ, BOF],
CAS4, DINA, FINDQ, FINDX, GENE, INLZ, LEST,
MDIN, META, SAME, SETA, and STRS. The program
calls subroutine TICK to measure the time spent in
Link 4. The main program is directly responsible for the
production of Qutput Items 22 and 25.

B. Subroutines of Link 4

1. Subroutine ABEQ, Subroutine ABEQ is called by
the main program of Link 4, if the current mesh point
ICN is on the boundary of a two- or three-dimensional
continuum. The flowchart and the source program listing
of ABEQ are given in Fig. VI-48 and Table VII-54, re-
spectively. The objective of this subroutine is to generate
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the first IEQ rows of the augmented matrix A (see
Table III-5, Vol. 11, basic), the corresponding weights in
vector IWG, and the actual values of the preseribed
stresses in vector SR. The first IEQ rows of the aug-
mented matrix A correspond to the IEQ number of stress
boundary conditions at the boundary point ICN, These
equations are generated as discussed in Sect. II, Vol. II
(basic), The subroutine first copies the residual vector
(see Sect. IV-B-3) of mesh point ICN into RES vector.
Then, depending upon the class type of current ICth
group, it computes certain parameters listed in Table V-1.
The program carries two right-hand-side vectors for
class 6 and 8 structures in the strain deflection equations,
because of the symmetry in strains and curvature changes
(see Ref. 2). This is very useful in minimizing the column
order of the strain deflection equations.

In Table V-1, the parameters used by the subroutine
are defined. The meanings of these parameters are as
follows: IEQ is the number of the stress boundary equa-
tions (note that the number of stress boundary conditions
is the product of IEQ*IRIG); IRIG is the number of
right-hand sides in the strain deflection equations; ICOL
is the column order of the coefficient matrix of strain
deflection equations; vector N lists the component num-
ber (see Table VI-6, Vol. 1) of the prescribed stress {as
stated in Sect. VI-E, Vol. I, the local coordinate axes on
a boundary point are such that the first axis is the outer
normal of the boundary surface, and the second and the
third axes are tangential to the boundary surface;
the stress boundary conditions are expressed in the local
coordinate system); IREB and IREN are the entry num-
bers of the beginning and the end, respectively, of the
portion of vector RES to be used in generating the pre-
scribed stress values for the right-hand sides of the stress
boundary condition equations. Because of the ordering
of the residual forces (first, force components, and then
moment components) for the second right-hand side, the
program takes IREB and IREN as IREB + 1 and IDEG,
respectively. The first and second columns of matrix
NEK list the labels of the local axes to be used in pro-
jecting the portion of vector RES for obtaining the pre-
scribed stress components, for the first and second
right-hand sides, respectively. Matrix REK, like matrix
NEK, indicates whether any sign change is to be per-
formed for the correct sign of the prescribed stress.
Scale factors CR and CL are used in scaling a stress
boundary condition equation to achieve similar orders
of magnitude in the whole set strain deflection equations;
CR is for the right-hand side, CL for the left-hand side.
The basic format of a stress boundary condition equation
is shown in Table V-1. To obtain the components of the
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best-fit strain tensor from the strain deflection equations
in a manner that satisfies the stress boundary conditions
more correctly than the remaining equations, the subroy-
tine assigns the stress boundary equations a weight of
100 in the corresponding entries of vector IWG. The sub-
routine also updates the equation count ICON, and saves
the prescribed stress values in vector SR in the order
shown in Table V-2. There is no error return in the
subroutine.

2. Subroutine AGEL. Subroutine AGEL is called by
subroutine DINA if the IPIR field of the control card
{see Table 1V-2, Vol. I) is 2. The standard ELAS contains
only the dummy version of this subroutine, as shown in
Table VII-55. If the user wishes to prescribe local coor-
dinate systems at the mesh points of shell structures, he
may do so by writing his version of this subroutine, as
explained in Sect. V-E, Vol. 1, The logical function of
this subroutine is to define matrix DIN for the direction
cosines of the local axes of mesh point ICN.

3. Subroutine BEST. Subroutine BEST is called by
subroutines BOFI and QUAD. The flowchart and the
source program listing of BEST are given in Fig. VI-49
and Table VII-56, respectively. The objective of this sub-
routine is to obtain the direction cosines of the normal
of the best-fit plane (in the least squares sense) related
with the mesh points listed in the array referenced by the
second argument and mesh point ICN. The number of
mesh points listed in the second argument is given by
the third argument. The subroutine places the direction
cosines of the normal into the array indicated by the first
argument. One condition equation is generated for each
mesh point listed in the array referenced by the second
argument to express the situation for that peint to be in
the sought-for plane. The mesh-point coordinates are ob-
tained by means of subroutine FINDX. The equation of
the plane is arbitrarily expressed in a coordinate system
that is parallel to the overall, but located at a point with
coordinates 1.15, 1.16, and 1.17 less than those of mesh
point ICN. Once the condition equations are established,
the coefficients of variables (i.e., quantities proportional
to the direction cosines of the normal) are solved by least
squares, by first premultiplying both sides of the condi-
tion equations by the transpose of the coefficient matrix,
and then solving the resulting equations by means of sub-
routine INV. If the inversion fails in subrouiine INV,
subroutine BEST attempts to approximate the direction
cosines of the normal, as explained in block 45 of
Fig. VI-49. This latter process necessitates a vector prod-
uct, which is carried out by means of subroutine VECT.
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Before returning control to the calling program, subrou-
tine BEST calls subroutine UNIT to normalize the vector
in the first argument. There is no error return in the
subroutine.

4. Subroutine BOFI. Subroutine BOFT is called by
the main program of Link 4. The flowchart and the
source program of BOFI are given in Fig. VI-50 and
Table VII-57, respectively. The objective of this subrou-
tine is to determine from the element set information in
NEL whether mesh point ICN is on the boundary. If
mesh point ICN is not on the houndary, the subroutine
returns control to the calling program without any
action. However, if mesh point ICN is found to be on
the boundary, the subroutine sets INBON = 1 and
AST = 1H#* and computes the direction cosines of the
outer normal of the boundary at mesh point ICN into
vector BIR. To obtain the direction cosines, subroutine
BOFTI calls subroutine INER to obtain a general vector
heading towards the structure, and calls subroutine BEST
to obtain the direction cosines of the best-fit plane to
boundary nodes neighboring mesh point ICN. After re-
directing the normal of the plane with the general vector
heading towards the structure, the normal of the best-fit
plane is assumed to be the outer normal of the structure
at the boundary node. If any trouble arises in finding the
outer normal, subroutine BOFI will assume that mesh
point ICN is an internal one. The subroutine also gener-
ates in ARE an average boundary surface area if mesh
point ICN is on the boundary. The number of repeated
interelement boundaries in the element set and the num-
ber of unrepeated element boundaries are used in deter-
mining whether mesh point ICN is on the boundary. In
performing its function, BOFI also calls subroutines
FINDIX, SCAL, and UNIT. There is no error return in
the subroutine.

5. Subroutine CAS4. Subroutine CAS4 is called by the
main program of Link 4. The standard ELAS contains
only the dummy version of this subroutine, as shown in
Table VII-58. If Output Item 23 is to be produced selec-
tively, this subroutine should be rewritten by the user, as
explained in Sect. V-H, Vol. I. The logical function of
this subroutine is to change the value of INP as desired

in the DO loop on mesh points in the main program of
Link 4.

6. Subroutine CODI, Subroutine CODI is called by
subroutine DIMI, It is identical with subroutine CODI
of Link 2. For further information, see Section ITI-B-4.
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The source program listing of this subroutine is given
in Table VII-59.

7. Subroutine DIMI. Subroutine DIMI is called by the
main program of Link 4, if IONE is positive. The flow-
chart and the source program listing of DIMI are given
in Fig. VI-51 and Table VII-60, respectively. The objec-
tive of this subroutine is to obtain the end forces of the
one-dimensional elements in the local coordinate system
and to produce Qutput Item 24. For this purpose, the
subroutine rewinds tape ITAS and processes the mesh
clements one at a time. If a one-dimensional element is
encountered, by means of subroutines CODI, STRA and
TRAN, the element stiffness matrix, the element load
vector, and the deflection vector of the vertices are first
expressed in local coordinates of the element (see Fig, VI-1,
Vol. 1), and then the end forces are expressed as the
product of the element stiffness matrix and the vector of
vertex deflections less the element load vector. If an error
is encountered during the tape handling, the subroutine
sets [IERR = I, ICN = the element number, and the
explicit argument of the subroutine with the record num-
ber as read from the tape, and returns control to the
calling program.

8. Subroutine DINA. Subroutine DINA is called by
the main program of Link 4, if the current class group
is of shell type (ie., ICAS is equal to or larger than 5).
The flowchart and the source program listing of DINA
are given in Fig. VI-52 and Table VII-61, respectively.
The objective of this subroutine is to determine the direc-
tion cosines of the axes in which the stresses are to be
expressed in DIN and find the value of ANGLE associ-
ated with these axes. If the IPIR value of the control
card (see Table IV-2, Vol. I} is larger than 1, subroutine
DINA calls subroutine AGEL to do the job. Otherwise,
subroutine DINA calls either subroutine QUAD or sub-
routine REVO, depending upon whether the shell is gen-
eral or axisymmetrical type, respectively, to perform its
function, There is no error return in the subroutine.

9. Subroutine EPAN. Subroutine EPAN is called by
subroutine QUAD, if there are less than eight neighbor-
ing mesh points in the element set of mesh point ICN
{subroutine QUAD is called only for the general shell
case). The flowchart and the source program listing of
EPAN are given in Fig. VI-533 and Table VII-62, respec-
tively. The objective of this subroutine is to expand the
vector containing the labels of the mesh points in the im-
mediate neighborhood of the current mesh point ICN by
the element set information of the mesh points in the
immediate neighborhood of mesh point ICN. When
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control is transferred to the subroutine, vector NSET con-
tains the labels of the immediate neighbors of mesh point
ICN, and NB contains the order of this vector, By mini-
mum tape handling, the subroutine obtains the element
set information of each of these immediate neighbors
from tape ITAS and expands vector NSET with the
mesh-point labels of the neighbors of neighbors of mesh
point ICN and updates NB correspondingly, Before it
returns control to the calling program, the subroutine
repositions tape ITAS to the position at the time of entry.
There is no error return in the subroutine.

10, Subroutine FINDQ. Subroutine FINDQ is called
by the main program of Link 4 and by subroutine SETA.
The flowchart and the source program listing of FINDQ
are given in Fig, VI-34 and Table VII-63, respectively.
The function of this subroutine is to compute, in overall
coordinates, the deflection components of the mesh point
indicated by the first argument into the vector indicated
by the second argument. There is no error return in this
subroutine,

11. Subroutine FINDX. Subroutine FINDX is called
by the main program of Link 4 and subroutines BEST,
BOFI, INER, INLZ, QUAD, REVO, and SETA. The
flowchart and the source program listing of FINDX are
given in Fig. VI-55 and Table VII-64, respectively. The
function of this subroutine is to compute the overall co-
ordinates of the mesh point indicated by the first argu-
ment into the vector indicated by the second argument.
There is no error return in the subroutine.

12. Subroutine GENE. Subroutine GENE is called by
the main program of Link 4. The flowchart and the
source program listing of GENE are given in Fig. VI-36
and Table VII-85, respectively. The objective of this sub-
routine is to generate the columns of matrix NEL, other
than the first (the first column of NEL is already gener-
ated by the main program of Link 4), the corresponding
matrix MAC, vector ICLAS, and variable IMEL. The
format of NEL and MAC matrices is given in Table VI-T7,
Vol. I. Since the rows of matrix NEL contain information
about the elements meeting at mesh point ICN, subrou-
tine GENE calls subroutine TOPO to extract such infor-
mation from COMMON. Matrix MAC is generated by
the information in completed matrix NEL. Vector ICLAS
and variable IMEL are generated as a by-product of the
generation of matrix MAC. Error conditions that may be
encountered during the generation of matrix MAC may
cause the production of Error Messages 18, 19, and 20,
There is no error return in the subroutine.
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13. Subroutine INER. Subroutine INER is called by
subroutine BOFI, if mesh point ICN is on the boundary.
The flowchart and the source program listing of INER
are given in Fig. VI-57 and Table VII-66, respectively.
The objective of this subroutine is to generate the com-
ponents of a vector heading towards the structure at
mesh point ICN, and store them in the vector indicated
by the argument. At the time of entry to the subroutine,
vector NSET contains the labels of the neighboring mesh
point. The subroutine simply adds the vectors, joining
mesh point ICN to its neighbors to cbtain the required
vector, The mesh-point coordinates are obtained by means
of subroutine FINDX. There is no error return in the
subroutine.

14. Subroutine INLZ. Subroutine INLZ is called by
the main program of Link 4. The flowchart and the .
source program listing of INLZ are given in Fig. VI-58
and Table VII-67, respectively. The function of this sub-
routine is to initialize the values of IROT, BST, DIN, W,
TE, DT, DG, ICOL, IRIG, IDR, ANGLE, ICON, IERR,
and BAS quantities for the stress computation corre-
sponding to the current values of ICN/IM/IC (see
Table III-4). In initializing these values, the subroutine
assumes that the mesh point is an internal one and the
local coordinate system is parallel to the overall coordi-
nate system. Values of TE, DT, and DG are obtained as
the arithmetical average of those of the related mesh
elements, Values of IRIG, ICOL, and IDR are obtained,
depending upon the class type number of the current
mesh-element group (see Tables III-4, Vol. I, basic, and
V-1). To perform its functions, INLZ calls subroutines
FINDX and UNIT. There is no error return in the
subrotitine.

15, Subroutine INV. Subroutine INV is called by sub-
routines BEST, LEST, QUAD, and REVO of Link 4. The
flowchart and the source program listing of INV are
given in Fig. VI-59 and Table VII-68, respectively. The
purpose of the subroutine is to solve a set of linear equa-
tions by Gauss elimination. The coefficient matrix is re-
ferred by the first argument, and the right-hand-side
vectors are referred by the third argument. The second
argument is the order of the system, and the fourth argu-
ment is the number of right-hand-side vectors. When the
subroutine returns control to the calling program, the fifth
argument contains the value of the determinant of the
coefficient matrix, the first argument contains the inverse
of the coefficient matrix, and the third argument contains
the solution vector if the fourth argument and the deter-
minant are nonzero. This subroutine is borrowed from
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the IBM 1620 library of the Jet Propulsion Laboratory
as of September 1966.

16. Subroutine LEST. Subroutine LEST is called by
the main program of Link 4. The flowchart and the
source program listing of LEST are given in Fig. VI-60
and Table VII-69, respectively. The objective of this sub-
routine is to obtain the components of the best-fit strains
from the strain deflection equations. At the time of entry
to the subroutine, matrix A contains the augmented ma-
trix of the strain deflection equations, ICON contains the
number of equations, JMM the number of columns in
the coefficient matrix, JMR the number of right-hand
sides (therefore JMX = JMM + JMR is the column
order of the augmented matrix), and IWG the weight
assigned to each of the strain deflection equations. Con-
sidering the multiplicity of the equations as given in
vector IWG, the subroutine premultiplies both sides of
the strain deflection equations by the transpose of the
coefficient matrix, then calls subroutine INV to obtain
the best-fit strain components, and reorders the compo-
nents in matrix C and redefines JMM and JMR such that
the first column contains the usual strain components
and the second column contains the angular strain (cur-
vature change) components. For axisymmetrical struc-
tures, cases in which mesh point ICN is on the axis of
revolution are handled separately in the subroutine by
considering the thermal strains, if there are any. For
shells of revolution, if mesh point ICN is on the axis,
vectors DDIS, DROT, and DCOR contain the relative
displacement, relative rotation, and relative coordinate
of the opposite end of the nodal line with respect to
mesh point ICN. These vectors are expressed in the local
coordinate system of mesh point ICN. If the inversion
performed by subroutine INV is not successful (indicated
by zero determinant), subroutine LEST sets IERR = 1
and returns control to the calling program, If INP is 2,
the best-fit strain components are printed out as part of
Output Item 23.

17, Subroutine MDIN. Subroutine MDIN is called by
the main program of Link 4, if mesh point ICN is on the
boundary. The flowchart and the source program listing
of MDIN are given in Fig. VI-61 and Table VIL-70, re-
spectively. The objective of this subroutine is to obtain
the direction cosines of the local coordinate axes at mesh
point ICN with the specifications deseribed in Sect, VI-E,
Volume 1; i.e., the first local axis is always normal to the
boundary. At the time of entry to the subroutine, matrix
DIN contains the direction cosines of the local axes of

mesh point ICN, assuming that the mesh point is not on

22

boundary, and vector BIR contains the direction cosines
of the outer unit normal vector of the boundary surface
at mesh point ICN, In reorienting the local axes, subrou.
tine MDIN calls subroutines UNIT and VECT. There is
no error return in the subroutine.

18. Subroutine MET A, Subroutine META is called by
the main program of Link 4. The flowchart and the
source program listing of META are given in Fig. VI-62
and Table VII-T1, respectively. The objective of this sub-
routine is to obtain the material matrix (see Fig. II-2b,
Vol. I} and thermal expansion coefficients of the current
element group associated with ICN/IM/IC, in DD and
ALl AL2, AL3J respectively, in the local coordinate sys-
tem of mesh point ICN. If the material axes of the cur-
rent group are not parallel to the local axes of mesh point
ICN, subroutine META calls subroutine ROTA to ex-
press the material matrix in the local coordinate system.
Before returning control to the calling program, subrou-
tine META rearranges the rows and the columns of DD
such that the material matrix is arranged with the order
of 11, 22, 12, 33, 13, 23. There is no error return in the
subroutine.

19. Subroutine QUAD. Subroutine QUAD is called by
subroutine DINA if a general shell structure is under
question. The flowchart and the source program listing
of QUAD are given in Fig. VI.63 and Table VII-72,
respectively. The objective of the subroutine is to gen-
erate in DIN the direction cosines of the local axes of
mesh point ICN of the shell structure, and find the value
of ANGLE. The subroutine first obtains in vector MSET
the labels of the nodes appearing in the mesh elements
corresponding to the current values of ICN/IM/IC. Then
it obtains in ZD a vector in the general direction of shell
normal (block 10* of Fig. VI-63). After this, the subrou-
tine extracts from vector MSET a list of unrepeated
labels in vector NSET. The order of NSET is in NB, If
NB is not smaller than 9, a best-fit quadratic surface
passing through mesh point ICN and its immediate
neighbors may be possible. If NB is smaller than 9, sub-
routine QUAD calls subroutine EPAN to enlarge vector
NSET and NB to include in the list the labels of the
immediate neighbors of the mesh points that are already
included in vector NSET, without repetition.

Nezt, by calling subrouiine BEST, subroutine QUAD
attemnpts to generate in vector ZTA the direction cosines
of the normal of a best-fit plane (in the least squares
sense) to the family of mesh points listed in vector NSET.
If this fails, vector ZD is taken as vector ZTA. Then,
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assuming that the first local axis is in the direction of
vector BAS, the subroutine generates the first approxima-
tion of matrix DIN (the first, second, and third columns
of matrix DIN are referred to as vectors XII, ETA, and
ZTA), If NB is not smaller than 9, subroutine QUAD
generates in matrix D the condition equations for a quad-
ratic surface passing through the mesh points listed in
vector NSET. The condition equations are obtained in the
first approximation of the local axes. These eguations are
next solved by a least squares method with the help of
subroutine INV. If the solution is successful, the local
normal is taken as the normal direction of this quadratic
surface, and matrix DIN is corrected accordingly. With
the use of the new matrix DIN, the process of locating
a best-fit quadratic surface is repeated to increase the
accuracy. If the process of finding a best-fit quadratic
surface fails, the subroutine prints out Error Message 21
and returns control to the calling program with the first
approximation of matrix DIN. Otherwise, the subroutine
examines the value of IPIR. If IPIR is larger than 1, the
subroutine rotates the local axes about the normal until
the first local axis is in the smaller principal curvature
direction of the best-fit quadratic surface. Initially zero
value of ANGLE is changed to the degrees value of the
angle between vector BAS and the final orientation of
the first local axis. In performing its functions, QUAD
also calls subroutines FINDX, SCAL, UNIT, and VECT.
There is no error return in the subroutine,

2. Subroutine REVO. Subroutine REVO is called by
subroutine DINA if a shell of revolution is under ques-
tion, The flowchart and the source program listing of
REVO are given in Fig. VI-64 and Table VII-73, respec-
tively, The objective of this subroutine is to generate in
matrix DIN the direction cosines of the local axes by
fitting, if possible, a fourth-order polynomial to the me-
ridional curve. The normal of this curve is taken as the
direction for the third local axis. For this purpose,
the subroutine first finds the labels of the first four im-
mediate neighbors of mesh point ICN and places them
in vector NSET. Vector NSET also contains the label of
ICN. The order of NSET is NB. If for some reason NB
is less than 5, the subroutine fits a polynomial curve of
degree NB-1 to the meridional curve. The conditions for
the mesh points listed in vector NSET on the polynomial
curve are generated on matrix B and vector C. The un-
known coefficients of the polynomial are obtained from
these conditions by means of subroutine INV. If the sys-
tem is singular, and a polynomial curve fit is not possible,
the program will use the line segment joining the mesh
points confining mesh point ICN as the fitted curve and
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cause the production of Error Message 22. The normal
direction of the fitted curve is taken as the third local
axis. The overall Z axis is taken as the negative of the
second local axis. The first local axis is tangent to the fit-
ted curve and heads towards the increasing arc distance
on the meridian {the meridian curve is assumed directed}.
The first, second, and third columns of matrix DIN are
named as vectors XII, ETA, and ZTA, and contain the
direction cosines of the first, second, and third local axes.
In obtaining the direction cosines of the local axes, sub-
routine REVO calls subroutines FINDX, SCAL, UNIT,
and VECT.

21. Subroutine ROTA. Subroutine ROTA is called by
subroutine META if the local axes are not parallel to the
material axes. The flowchart and the source program
listing of ROTA are given in Fig. VI-65 and Table VII-74,
respectively. The objective of this subroutine is to ex-
press the material matrix DD in the local coordinate sys-
tem defined by matrix DIN (see Table III-5, Vol. II,
basic). There is no error return in the subroutine. In
obtaining various unit vectors, subroutine ROTA calls
subroutines SCAL, UNIT, and VECT.

22. Subroutine SAME. Subroutine SAME is called by
the main program of Link 4. The flowchart and the
source program listing of SAME are given in Fig. VI-66
and Table VII-75, respectively. The objective of this sub-
routine is to output stresses for the current ICN/IC/IM
group, in the local coordinate system if mesh point ICN
is a boundary point, and the group is not of shell type.
Therefore, this subroutine produces the last portion of
Output Item 22, There is no error return in the subroutine.

23. Function SCAL. Function SCAL is called by sub-
routines BOFI, QUAD, REVQO, ROTA, and SETA of
Link 4. The flowchart and the source program listing
of SCAL are given in Fig. VI-67 and Table VII-76, re-
spectively. The objective of the program is to return to
the calling program the sealar product of the vectors re-
ferred by the first and second arguments. There is no
error return.

24. Subroutine SETA. Subroutine SETA is called by
the main program of Link 4 once for every mesh ele-
ment in the group of current ICN/IM/IC, The flowchart
and the source program listing of SETA are given in
Fig. VI-68 and Table VII-77, respectively. The objective
of the program is to add one additional row to the aug-
mented matrix of strain deflection equations for each
direction joining mesh peint ICN to the remaining ver-
tices of the mesh element. The subroutine assigns a
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weight of 10 or 1 to the equation of a direction, depend-
ing upon whether the vertex is on the boundary or not.
The weights are recorded in vector IWG. The subroutine
gencrates the row of the augmented matrix as described
in Sect. II, Vol. II {basic), by considering thermal strains.
When a row is added to the augmented matrix, row count
ICON is also updated. In obtaining the thermal strain
per unit temperature in a given direction, subroutine
SETA calls subroutine TEMP. In achieving various vec-
tor operations, it also calls function SCAL, and subrou-
tines FINDQ, FINDX, UNIT, and VECT of Link 4.
There is no error return in the program.

25. Subvoutine STRA. Subroutine STRA is called by
subroutine DIMI, It is identical with subroutine STRA
of Link 2. For further information, see Sect. III-B-25. The
source program listing of this subroutine is given in
Table VII-78. In performing its function, STRA calls sub-
routine TRAN.

26. Subroutineg STRS, Subroutine STRS is called by
the main program of Link 4. The flowchart and the
source program listing of STRS arc given in Fig. VI-69
and Table VII-79, respectively. The objective of this sub-
routine is lo oblain the components of the best-fit stress
tensor for current ICN/IM/IC, and list them in vector
SR to comply with Table VI-6, Vol. 1. At the time of
entry to the subroutine, matrix DID contains the material
constants, matrix C contains the components of the best-
fit usual and angular strains in the first and second col-
umns, respectively, and SR contains the preseribed
stresses in the order shown in Table V-2, The subroutine
first generates in vector RED the hest-fit stresses, then
modifies them with the prescribed stresses in SR, and
finally copies the final set into vector SR in the order
shown in Table VI8, Vol. I. There is no error retum in
the subroutine.

27. Subroutine TEMP, Subroutine TEMP is called by
subroutine SETA if temperature loading of an anisotropic
material is under question. The flowchart and the source
program listing of TEMP are given in Fig. VI-70 and
Table VII-80, respectively. The objective of this sub-
routing is to obtain the lineal strain in the direction
given by the unit vector in XF (see the comment in
‘l'able V11-80) due to unit temperature increase, and to
store this quantity in the explicit argument. To do this,
the subroutine uses matrix W generated by subroutine
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ROTA and XF generated by subroutine SETA as DCAR,
There is no crror return in the subroutine.

28. Subroutine TICK. Subroutine TICK is called by
the main program of Link 4. It is identical with sub-
routine TICK of Link 1. For further information, sec
Sect. II-B-13. The source program listing of this program
is given in Table VII.81

29, Subroutine TOPO. Subroutine TOPO is called by
subroutine GENE. It is identical with subroutine TOPO
of Link 2. For further information, see Sect. III-B-27,
The source program listing of this program is given in
Table VII-82.

30. Subroutine TRAN. Subroutine TRAN is called by
subroutines DIMI and STRA of Link 4. It is identical
with subroutine TRAN of Link 2, For further informa-
tion, see Sect. II1-B-28. The source program listing of the
program is given in Table VII-83,

31. Subroutine UNIT, Subroutine UNIT is called by
subroutines BEST, BOFI, INLZ, MDIN, QUAD, REVO,
ROTA, and SETA of Link 4. The flowchart and the
source program listing of UNIT are given in Fig. VI-71
and Table VII-84, respectively. The objective of the sub-
routine depends upon the contents of the second argu-
ment. If the second argument is zero, the subroutine
computes the magnitude squared of the vector indicated
by the first argument and returns control to the calling
program. If the second argument is nonzero, the sub-
routine replaces the vector in the first argument with a
unit vector and the second argument with the magnitude
of the original vector. If the second argument, at the
beginning, is a positive number, the unit vector is parallel
and in the same direction as the original vector. If the
sccond argument, at the beginning, is a negative num-
ber, the unit vector is parallel and in the opposite direc-
tion of the original vector. There is no error return in
the subroutine.

32. Subroutine VECT. Subroutine VECT is called by
subroutines BEST, MDIN, QUAD, REVO, ROTA, and
SETA of Link 4. The flowchart and the source program
listing of VECT are given in Fig. VI-72 and Table VII-83,
respectively. The objective of this subroutine is to obtain
in the vector indicated by the first argnment the cross-
product of the vector in the second argument times the
vector in the third argument. There is no error return in
the subroutine.
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VI. Semidetailed Flowcharts

This section contains semidetailed flowcharts of ELAS/
Level 3. The flowchart of each program element is treated
separately, and given a figure number. The flowcharts are
arranged alphabetically by the subroutine names, under
the main program of each link. The meanings of the sym-
bols used in the flowcharts may be obtained from the text
description of the corresponding subroutine given in the
preceding sections and/or Tables I11-2 and III-4 of Vol. IT
(basic). Each flowchart should be considered together
with the corresponding source program listing in Sect. V1I,
and the descriptive paragraph of the earlier sections. The
pumber attached to a block in a flowchart is the number
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of the first statement in the source program listing corre-
sponding to this block. If the first statement does not have
a statement number, the nearest statement number is used
with an asterisk in the block. An asterisk before the num-
ber in the block means that the first statement of the block
is before the statement indicated by the block number. An
asterisk after the number in the block means that the first
statement of the block is after the statement indicated by
the block number. Multiple asterisks indicate qualita-
tively the distance between the statement with the num-
ber and the first statement of the block in the source
program listing.
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MAIN PROGRAM OF LINK 1

-

2700

Start measuring 1ime by
colling subroutine TICK

5999

Clear upper COMMON

)._

Wizd

Recd in title card

D~

Reed in control card

Dt

*2972

If seraich tape (ITAS) is
prescribed, rewind it

2971

If no program tope {i.a.,
ITAP = Q), assume
ITAP =2

}

7056

Set error indicetor lo zero
IERR =0

7054

Check paromaters 18, |N, 1T,
IDEG ITYPE, |GEM, ISTR,
IH, IMAT, INX, INP for
odmissibility

Errar .

}

3451

Compute constents for
dynemic memary
allocation

)._

1500

Define pointers

4494 %

O

PRECEDING PAGE BLANK NOT FILMED

4454

Call subroutine TABL for
title poge

-

*2324

Read in material properties,
check sequence of type
numbers, sivre, ond list

if requested

Errar

®

D

4219

Read in pressyres, if any,
check sequence of type
numbers, store, ond list
if requested

Errar

On

4218

Read in thicknesses, if any
check sequence of type
numbers, store, and |ist
if requested

Errar

b

6217

Read in temperature increases,
if any, check sequence
of 1ype numbers, store,
and list iF requestsd

Error

-

4216

Read in y-temperature
gradients, if any, check
saquence of type numbers,
store, and list if requested

Error

6215

D

Read in z-temperature
gradients, if ony, check
sequence of type numbers,
store, and list if requested

Error

6214

}

Read in cross=ectional areas,
ifeny, check sequence of
type numbers, stora, and
list if requested

® O OO O O

Error

}

6213

Read in torsion constants,
if any, check sequence of
type numbers, store, and
list if requested

Error

@

®-

4212

lReod iny-moments of inertio
if any, check sequence of
type numbers, store, and
list if requested

ﬂzioh

Read inz-moments of inertia,
if any, check sequence of
type numbers, store, and
list if requested

6208

Read in angles for principol
axes, f any, check
sequence of type numbers,
store, ond list if requested

Error .

Call subroutine COOR to
read in nodal coordinates
ond to check sequence
of nodes

Call subroutine CORG to
generate nodol peint
coondinates

=0

I

5810

List nodal coordinates
if requested

éim

Start to prepere vectors
defined by pointers
188, 1BO, and IIC

ﬁ?h

Prepare for deflection
bourdery condition

©

Fig. VI-1. Flowchart of main program of Link 1 (input link)
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28

559

Call subroutine SRAT for
connectivily infotmotion
and possibie relabelling

45

Reod in deflection boundary
conditions from cords

Call subroutine BUNG to
generote deflection
boundary conditions

Complete generotion of 18B-
and [BO -painter-related
vactars

¥

f

a2\

Check deflecticn boundary
conditions for errors}
modify |BB-, IBO-, and
I[C -paintar=related
vectors by the deflection
beundary cenditions

318

List erroneous multiple
deflection boundary
conditions, if any, ond
ignora them

4.&3

Print out heading for mesh
information if requested

Call subrautine MEST 1o
recd in mesh
infarmation ond check
sequence of alement
numbars

47+

Reod in prescribed

cancentrated loods; Error
check for possible
erms ond slore

Call subroutine MESG to
genernte mesh informatian

If requested, list mesh
informetion extrocted by
subroutine TOPO

Ox

300

-

820

List displacement ond force]
boundary conditions if
requested

}

2520

Store concentrated loed
vector properly

204 *

Update pointer of reduced
stiffness matrix

O

*334

See if DUMMY area in
COMMON starts befors
stiffness matrixg if 50,
print messoge

}

353

Measure elopsed time
ond print

}

5355*

Print error message; set
1ERR =1

Reod END cord of jobs

)

Print JA and AA
blocks

Skip input cards of
this job up to and
including END cord

Fig. VI-1 (contd)

Call Link 2
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SUBRCUTIMNE ARAM

ﬂ}m

Initialize procedure

)

Na

10

Reed in better labels of
nodes sequentially

/-gh
Rearrange connectivity mefrix
ABIN with new labals using Error
subroutine EXCH; check new|

Ichels for errors

EN

Clear staroge for IMIN and
IMAX vectors

.

1
[ioos
Generete initial MIN and

IMAX vectors using function| Errer
LEBIM ond check ABIM for

errors

Ng

Yoo

750

Stert measuring relabeliing
time

*800

Yes

A0C
Call subroutine QUTPT to
print cut Labels, IMIN,
IMAX, ard the
connsctivity matrix ABIN

1100

Prepars for o new sweep

ﬁ%-\

Find off-band slement count
XSA of current sweep

Start o new sweep

Enaugh ro-
gein sweeps ?

i

Mecsure time slapsed

I3 this First
message T

Print messoge about
pragress of ralcbeliing

Punch out currant lebelling

system

A

1120

Begin lower sweeping step

Begin upper sweeping step

)

£

Find change in X5A (IGHL)
if interchange is dene

f

1100

Fig. VI-2. Flowchart of subroutine ARAN (Link 1)
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30

Ne change in XSA. Compute
NZG-NZL ta determine if
row with mare zeros would
move oytward

NZG-NZL
paaitiva?

Interchangs criteria are
satisfied. Interchange
current successive rows in
ABIN matrix

1400~

Update label vector ISIR

ﬁgsh

Update IMIN and IMAX
vec tars

Current sweep
completed?

Which is
next sweep
step 7

Cell subroutine OUTRT 1o
print aut ISIR, IMIN,
IMAX, ard connectivity
matrix ABIN

[ -

2005

Measure totol relobelling

time
H r
2Dh

Adjust IMAX values sa that
varigble bandwidth is naver
decreasing

i

Print error message

Punch aut I5IR and adjusted
IMAX velues

1 . y

Fig. VI-2 (contd)

JPL TECHNICAL REPORT 32-1240



SUBRCUTINE COCOR

*83t
Set errar indicater and node
count to zero: |ERR = O,

L=9
r
/a0

Set INTE s an even infeger
thot is iess thon 1001 and
minimizes (IN-L-INTE)

233
Read in INTE fields of nede

tobel and coordinates.
Serl =0 300
Error. Set error indicater to 1
! IERR = )
4
e ;
Setl =1 +1

MNode label -,
a, +?

MNode lobel
sequential ?

Update node courter L; fird
staroge lacation of X, Y,
Z and stere X ond Y

Fig. VI-3. Flowchart of subroutine COOR (Link 1)
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SUBROUTINE EXCH

e 100
Compute column numbers in
ABIN matrix of
extrames within bonds
of rows (end columns) to
ba interchanged

ﬁknh

Interchange words in that
portion of rows thot is

within the band

ompute word caunts (i.e.,
column numbers in ABIM)
and bit counts of calumns

corresponding fa rows FUNCTION LEBIN {4, 1)
interchanged

i

}

Save index register 1 (XR1)

)..

Loed ocoumulater from
lecation | (second

i - hich isa
Interchange 1Bth bit of Jth Interchange 1Bth bit with orgument, w
ward with JPBh bit of JFth JPBth bit in J = JPth FORTRAM intager)
word in every row within word in every row within
the bend the bend

¥ Place complement of |
inte XR}
(100

D

Return
Lead accymulator logically
. . . from {ocation A (first
Fig. VI-4. Flowchart of subroutine EXCH (Link T) orgument)

D

Make occumuletar zero ar
nonzero depending upon if
Ith bit of A iy zero or 1 by
ANDing TABLE, I ta

accumylator

Lood eccumul atar with
FORTRAN integer |

A

Restore index register 1 (¥RI)

1

£\

Return

Fig. VI-5. Flowchart of function LEBIN {Link 1)
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SUBRCOUTINE SEBIN (A, |, N}

-

Save storage indicators

D

Save index register 1 {XR1)

}

Lead storege indicators fram
logation A (first argument)

}

Lood azcumulatar From
location | (secand crgument,
which is a FORTRAN
integer)

ba

Ploce complement of |
into XR1

take Ith kit of A in storoge
indieater 1 by ORing
TABLE, | to storage
indicators

Meke ith bit of A in sterage
indicator 1 by resetting
TABLE, 1 to starage

indicolors

VaK

/

Store storoge indicatars
Io lacation A

}

Re=stare index register 1

(¥R1}

D~

Re ~stare storage indicators

AN

Return

Fig. VI-6. Flowchart of subroutine SEBIN (Link 1}
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SUBROUTINE MEST

o o

Set elemant (M), sequence

{MT), word (L) counters 1o Mo
zero, minimum word counfer
{MBE) = -1%, moximum

word counter (NFI)= 0

Yes
1 7917
7910 Otbtain element type number
{IELT) as leest significont
Set word counter twa digits of (L + 1) th word

L=L+1

Determine number of wards
necessary for elemant
description and number

Increment NBE and NFI by 20 of vertices

ard recd in 20 more words
4 > /59\

Obiain word count of
last descriptive word (LJK]

Lth word
- 0 2

LJK+h word
in cors?

ND @
Auvgment NBE and MFI by

20 ond read in nexi
Yes 20 words

(L+1)th word

in core?

Ser M= M Set :;AT: :L__', )
MT = MT+I /7913
Obtoin oddress of LIKth

* descriptive werd in
COMMON (JM)

72
SetL = L+1 update
LIK count, store LJKth
word in COMMON, and
prepare to decrement
LIK by 1

Set IERR = 1 Was
this last
‘ descriptive word
\
7916

Fig. VI-7. Flowchart of subrautine MEST (Link 1)
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A

Check if afl descriptive Error
words are pasitive

Was this the
last element 7

Shift last-read 20 words
back and ser NBE ~ 1,

NFI =20
ll)—————————
L
7610
791 %c\
Set JERR = 0 Error. Set IERR = 1|

!

e

Return

Fig. VI-7 (contd)
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SUBRQUTENE QUTPT

“16

Print heading for connectivity
information

*17

Print new and old labels,
IMIN and [MAX veclors,
and {in octol} ABIN malrix

ABIMN have more
than 7 columns

Print new and eld lebels
and remoining columns
of ABIN matrix

Return

Fig. VI-8. Flowchart of subroutine QUTPT {Link 1)
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SUBROUTIME SRAT

(2]

No

25

23

Generate label vector [51R,
compute column order of

ABIN, and clear ABIMN grec

Raod in new |obels and
carresponding IMAX volues

ﬁuiom

Call submutine ARAN Tor
obtoining adiusted IMAX
values and possible

relcbeliing

742

P

(i

:
e

Locp on elements (M)
saquentially to generate
connactivity matrix ABIMN

ﬁuiﬁ\

Qitain descriptive
information of Mth element
by celling subreutine TOPO

A

[Obtain number of vertices
(IM5) of Mth elemem; check

if nodes exist

g7+

Expand efement vertex vector
by those nodes that are
relatad ta the vertices by
dbe input units

fan

Set 18 as celumn bit count
of ABIN correspording fo
Jith vertex and KM es
rumber of appressed
degrees of freedom of
Jih vertex

Initialize IMAXB, IMAXN,

KN, LBAND, and LIBO
for first nade (working
Ighel)

i

Loap on nedes (|-working

labels) sequentially to
genercte IBAND vector;
compute IMAXG

IMAXE > IMAXN?T

Pyt 1 1o JBth kit column af
1Bth row of ABIN matrix

Computa KN as total number
of suppressed degrees of

Loap an vertices (1) of Mth
element, sequentiolly

Print error message

ﬁ?h

Set IB o5 row of ABIN
cartasponding to Ith vertex,
and KM s numbar of
suppressed degrees of

freadom of Ith vartex

£

Loop on vertices {J) of
Mth element

S

Fig. VI-9. Flowchart of subroutine SRAT (Link 1)
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Loap on J
satisfied?

Laap on |
satisfied?

freedom berween nodes
IMAXDE and IMAXM
(working lobels)

(i

Compute IMAXN ond IMAXE

for next node

*21g

Compute bondwidths of

retained equations of Ith
node into IBAND vector

Loop on M
satisfied?

Set totel number of retained

unknowns into ISLM
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o) ()

Yes Yes
Ha No
311 414
Print out bandwidths of Print out mein dingenal
rows af reduced stiffness element counts af upper
matrix reduced stifness matrix
4 -

o (i

From IBAND vector compute
main diagonel element
counts of upper reduced
stiffness matrix

ﬁ&a\

From IBAMD vector compute
storege necessary for upper
reduced stiffness matrix
inta FORD

Update pointer (I5T) of
redyced stiffress matrix

ngh

Compute maximum comman
|ength inta FILEM and
print out FORD and FILEM

Retumn

SUBRQUTIME TABL

*1g01

Print aut cantents of
titie card

. . 1
Print out warning message ﬁg

Print out IM, IT, IDEG,
LTYPE, IGEM, ISTR, IH,

Lowest common
word of Link 2 within
fimst 12, 750 words
(32K)?

- 18, {BN, [P, IPRS, IMAT,
] NTIC volues
40
352
Fig. VI-9 (contd) Print out ISDT, ISDZ, IARE,

IMMX, [MMY, IMMZ,
IMFI, 1NX, INP, ISHUF,
ICOR volues

@5

Print out 1BUN, |MES, [PIR,
ITAP, ITAS, G1, G2, G3,
ACEL values

!

Return

Fig. VI-10. Flowchart of subroutine TABE (Link 1)
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SUBRGUTIME TICK (ITIM)

Y es

Subroutins is being calted First
time. Make contents of
OMNCE nonzero

Subroutine was called before

(al time recorded in INITL),

Jake contents of locotion 5
logicatly

D

D

Toks contents of absolute
cere location 5 {which
contains time Tn 1,60

-second units} logically

Subtroct contents of INITL
to find alapsed rime

).._

-

Stors confents of absolute
core locotion 5 inte INITL
logically

Make o FORTRAN integer
from elapsed time since
first call

)._

D~

Store zero to argument ITIM

Stare this integer into

argument TIM
Retum Return

Fig. VI-11. Flowchart of subroutine TICK (Link 1)
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SUBRQUTINE TOPD
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Set zere to type numbers of
descriptive infortalion of
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=100 counter NDX by 1

Print error message

)._
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Set error counter NDX to zero
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number (IPRS)
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}
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counter MDX by |

Find ond analyze faurth
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Correct IPRS as moximum |
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-

? 1650
. Find ond cralyze filth -t ¥
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is any) of Mth element for gradient type (JSDY}
type numbers admissible?
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o00* i
admissible? e
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Y o sixthword | gescriptive word (if there Correet J3DY s moximum
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o numbers word. Augment errar
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L word. Augment error -
ﬁDDO counter NDX by 1 L
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block the node labels -
of Mth element
1630

1408

Fig. VI-12, Flowchart of subroutine TOPO (Link 1)
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temperafure
gradient type {JSOZ)
edmissible?

Corract J5DZ os maximum
allowable in descriptive
word. Augment error
caunter NDX by 1

A
1670

Crass-sectional Yes
area type (JARE}
ndmissible?

MNa

1671

Correct JARE as maximum
allowable in descriptive
ward. Augmenl error
counter NDX by 1
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type {JMMX)

Correct JMMX o meximum
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word. Augment error
counter NDX by 1

1690
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y-moment of
inertia type (JMMY)
aodmisible?

Correct JMMY as maximum
cllawable in descriptive
word, Augment error
counter MDX by |

admissible?

Correct JMMZ a5 moximum
ctlowable in descriptive
word. Augment error
counter NDX by |

principal axes type
JMF1) odmissible?,

Corract JMFl o maximum
allowable in descriptive
word. Augment errar
counter NOX by 1

1720

Fig. VI-12 {contd)
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Retum
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MAIN FROGRAM OF LINK 2

*M3

Save print indicator INP
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calling subroutine TICK

ﬁ}p\

Clear storage area of
reduced stiffness matrix

and set ZGEM = IGEM

(2

Loop on elements (M)
sequentially to generate
reduced stiffness matrix
ond reduced load vector

ﬁn}*\

Restore NP

Call subrautine CAS2 to
change INP if necessary

ﬁ‘w\

Set IERR = P(I) = uv(l) =
XY = ¥ = Z() =
XD = YD(I} = ZD(1}
COMMON (200 - 328)
DG = 0T = PRES = DGGZ=
DGY = ITTT = 0 and
MAY = ITTM =1, CFE=1.

ﬂa‘h

Obtein type numbers of
descriptive information and
nede labels of Mth element
by subroutine TOPO

ﬂﬁh

Capy N black to MOO block;
find IM5 of Mth element; if
any negative node labels;
set IERR = 2 and branch ta 1

Errar

A

A

T

Ceompute D5, and using type
rumbers, obtain TE, DT,
DG, DGY, DGZ, PRES,
ALT, AL2, AL3 volues of
Mth element

Print error message and
currant values of M, ITTT,

Ne

82

Generate UV vectar,
assuming dilation only

N

QOhtain moterial information
of Mth element on D33,
E?2, 021, €, ond G

A

IERR

4889

P

Call subroytine 5TFS to
select and execute proper
subrautine for generation
of 5, P {moy be partially)
and madify UV if necessary

Set 1TTT = 0, increase
element type number by 1,
ard copy NOT(H) block inlo

()

Ne

Yes

85

N{I) block
y

Not multiple
element Set IERR = 0, and check if
Mth element is multiple
element
Multiple element
4700
Save 1M5 of Mth alement
into IMST
ﬂgtk
Coll subroutine CUTE to
prepare infarmatian for
(ITTT+1)st subelement of
Mih element
ﬁgh
Set CFE = 0.5
3 -l

iy

Update 1T1T, 1D32, PRCO,
MY, X, (), Z0),
XD{), YD{l, ZDM) for
current element
(or subelement)

o

Clear element stiffness
matrix {3), elemant load
vector {F) arecs

Fig. VI-13. Flowchart of main program of Link 2 (generation link)

Print out descriptive
informatian of element
{or subelement}

Any thermal load
?

Increase P by thermal nedal
forces for distortions in UV
vectar by subroutine DM

Any
chenge in P fors__

2t
pressure and acceleration™ 9

Modify P for pressure and
sccelecation loadings

[=
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a Yes

Mo
Yes No
9531 912
. Add centribution of current
Print out element load vectar elament of element load
vector 1o reduced loed
veetor
3

[

i -
(e 'y

Laap on degrees of freedom (1)
at o node for assembling
element stiffnesy and load

11

>\ .y

Loop on degrees of freedom
{J) at a node

matrices

\Al
)

5532*
Loop on vertices (L)
swequentially

Loap an vertices (K}
sequentialiy

A t**m
ﬁn&so -
Set JE and J5 s associated
column numbers of free-
free element and overall

Sei IE and |5 o5 associated row
numbars of free-free element
stiffness motrices,
respectively

ond averall stiffness
matrices, respectively

Cell subroytine DARN to
generate JBS and CCCJ

Call subroutine DARN to
vectors ond JGE {number

}

Ot

generate 1BS end CCCI
vectors and 1QE (number of
related rows) of related columns}

408

Set JERR = &

Lacp an related rows {1G)

@L\

Set 1B and CCURI as
associated row number .
and constant, respectively,
of reduced stiffness matrix

Fig. VI-13 {contd)
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Locp en 4
satiskiad

408

Lleop on IQ
satisfied

/;tx

Restors INF and call
subreutine CASZ for
its passible change

)

Loop on related eofumns

Q)

N

Set JBand CCURI as ossociated
colymn number and constent
af reduced stiHness matrix,
respectively, and set
F=CCURJ*CCURI

ioop on K

satisfied

No

Yes

233

Loop en k
satisfind

Print oot upper portien of
reduced stiffness band
malrix and reduced

load vector
]
1 4
Scratch tape ﬁaz
assigned
Set IERR = U

Prescribed deflection cose;

| add properly current element Copy P vector inle PV, clear,
of element stiffness matrix and recompyte P vactor as
Scratch ta
ta reduced load vector S*UV by subrautine DMM,; T

assigned

write binary record an tope
ITAS ax M, ITTT, ITTHM,
MNAV, IM5, IDS, 1DS2,
ard M, 5, P, PV vecfars

Add properly current efemant
of element stiffness motrix
to reduced stiffress matrix

Rewind scratch tape ITAS

- f

4

(573
Measure elapsed time by
subrouting TICK and
print, Restore [NP

Loop on JG
satisfied

?

Leopen L
atisfied

Loop an M

satisfied Call Link 1 Cel! Link 3

Fig. VI-13 (contd)
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SUBRCUTINE ADM (5, IDS, A, M, 1B, JB, C)

>l
£

Loop on rows {1} of A

Compute row number |5 of S
corresponding to Ith row of A

Submatrix A
an main diegonal
of 5 7

Yes Ne

= ]
“ 1

Loap an celumns of A starting
from JIth column

13*
Campute column mumber of §
corresponding to Jth calumn
of A

*90

Augment 515, J5) and $(J3, 15}
of 5 matrix by A(l, )*C
(S s stored columnwise o5 @
vectar)

Loop en!
Satisfied

Loop on 4

JPL TECHNICAL REPORT 32-1240

Satisfied

Retum

Fig. VI-14. Flowchart of subroutine ADM (Link 2)
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foiy

Mo

SUBROUTIME BEAM

BN

Yes

110

Find and store value af
cross—sectional area

4
160

Compute address of JMMY
inte ICIZJ

Compute address of JMMZ

inta ICIZ)

e

T

Compute upper half of
éxé planar beam
stiffness marrix into A

*200

Error. Set |ERR = 1

Generate symmetric holf of
A matrix

[}

.

00\

Retura

Fig. VI-15. Flowchart of subroutine BEAM (Link 2)
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SUBROUTINE CODI

10 @

Compute length of element
nto EL

144 146

Set SIGNF = -1, Set SIGNF = +1.

' . J

Compyte direction cosines
af alemant axis v those
of local x-gxis inta
DR(1, 1), DIR(1, 2, DiR(I, 3)

Y
AT
Compute direction cosines Compute direction cosines Compute direction cosines
of local y-oxis accordingly of lacal y~axis accordingly of locel y-axis accordingly
into second row of DIR into second row of DIR into secand row of DIR
L
190
Compute oddress of angle Fl — -
- Compute direction cosines
into ICFLI .

of lecal z-azis as cross

product of unit vectars on

z- omd x~=axes into third

rew of DIR

220 250
Campute drection cosines Compute direction cosines
of local y- and z-axes into of local axes »,y, ond z
second and third raws of DIR into rows of DIR
Compute angle Fl ‘ 4 ‘
in radian units
@ 1o
Error. Set IERR = |
}

/7080
Return

Fig. VI-16. Flowchart of subroutine CODI (Link 2)
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SUBRQUTINE CORT

-

> rag

Compute direction cosines of
lacal x-asxis as those of Jine
1-2 inta first row of DIR

}

L)

Computa direction cosires of
tacal z-axis as those of
direction (1-2)x{1 -3} inta
third row of DIR

w3

Compute direction casines of
local y-axis from thosa of
z~ and x-nxes into second
row of DIR

9__

Computs coordingtes of nodey
af element in lacal axes
located ‘at origin of overatl
cocrdinale system

.

}

Compute coordinates of nodes
2 and 3 in local exss lacated
ar node 1

£

Return

Fig. VI-17. Flowchart of subroutine CORT (Link 2)
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120

SUBROUTIME CUTE (ITTM)

**110

}_

Sel MAV = NAY +1,
KBAS = KMHOOC = §

Ne

110

Set ITTM = 5, IM5 = 4,
JEM = 20, 1EN =1

Set ITTM = 5, IM5 = 4,
JEN = 20, |EN = 2

()

Ne

Yes Yesu
125 115
Set KBAS = 4 Set KBAS = 1

r J

P

Sequence
number in M

Decrecse sequence number

in N block by IMST

t

Cepy recessary node labal
into NOO block

Losp en J
satisfied

(o

Sat IELT = [ELT - 1,
IDS = M5*IDEG

(N

Locp on 4 1o copy labels
of necessary nedes fram N
bteck to NOO block

130"

Find sequence number
in NOD bleck

C2)

180

Quadrilateral case. Compute
requence humber of node

in black N
1

190

Hexahedral case. Compute
sequence number of node

in black N
Y

JPL TECHNICAL REPORT 32-1240

ey

Fig. VI-18.

Flowcehart of subroutine CUTE (Link 2}
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SUBROUTINE DARN (KS, ¥BS, CCC, KQE)

302

Compute KSth entry of |BB
vector into KB

KB+ IND < 07 i

Ser ICOMP = 10,000 + K5,
INCR = 1

G

Loop on rows {ISOR)
of 18O vector

()

LSORth element

IBO vecter = [COMP
?

Yot

307

Set EMCRth elements of KBS
and CCC vacton as absotute
value of ISORth element of
1BB and as ISCRTH alemant
of C vecters, respectively;
and increase INCR by 1,

( absolute value QF%

Set KQE = 1, GO = 1.,
KB5(1) = KB

L—J

304
Sat KQE = 1, KBS(1) = KB,
CCC(1) = KBth element of
€ vactor

Loop an 130k
satisfied 7

Fet KQE = INCR - 1

t

P—

Error. Set KQE = §

308

Return

Fig. VI-19. Flowchart of svbroutine DARN (Link 2)
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SUBRQUTINE DMM (&, B, M, C)

[ -

t'!itgl

Loap an rows of matrix A

Set 155 = 1 - M

£

Locp on columns of
matrix A

A

Compute sequence number of
(L, K)th elemant of matrix
A in one~dimensional farm
inta 155 SUBROUTINE ELDI

C th of el t
Increase C(1) by A{l, K)*B(K) ?Tr':”EeL length of alemen

Loop on K
satisifisd

Compute direcfion cosines af
element axis and store into
first, third, and Fifth
elements of vector T

Laep on |
satisified

Error. Set 1ERR =1

Fig. VI-20. Flowchart of subroutine DMM (Link 2)

Compute unit vectar in
T x DUG direction inte PM

65{0\

Compute T x PM into FD

ﬂﬁh

Campule unit vecter in PD
direction into PD

Set PRES = 0

‘ Bl-all-

o

Return

Fig. VI-21. Flowchart of subroutine ELDI {Link 2)
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SUBROUTINE PLBE

()

Yes

130

Compute oddress of
torsional constant into

()

Yes

150

Compute address of y-moment
of inertia inte ICIY)

190

Compute upper half of
& % & stiffness matrix of
grid beam into A

*200

iy

SUBROUTINE RLOC

AER 100

Compute final column and
row numbers (JJN and [1N)
of A, and constants IRE ond
L far location in 5

Genergte symmetric half of
matrix A

Error.

Set IERR = }

1

o

F5100

]

(i

Raturn

Fig. VI-22. Flowchart of subroutine PLBE (Link 2)

Loop on columns (J} of A
from JJ ta JIN

e

"'*IOOJ

Setl = L+ (D5

3

x

Loop on raws {I} of A fram
TS 1IN

ﬂr%h

Compute location (LR) In §;
copy A(l, J) onto S{LR) and
set Al J) = 0

Loap on |
satisfied

Loap on J
satisfied

200"

Return

Fig. VI-23. Flowchart of subroutine REOC (Link 2)
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SUBROUTINE 501

443

D

Set IPBG = 0

Yes

43

Compute address of cros-
sectional arec into ICARJ,
and sel wird direction into
DUG bleck

*60

Call subroutine ELDI to
generate prassure direction
PO, member axis direction
T(1), T(3), T(5), ond
PN = Tx PO

(2]

No

80

Prepars for coniribution of
pressura to alement load
vectar by setting FRCQ,
1PBG, and IPEN values

Ne

85

A

f0

Prepara for generation of
element stiffnass matrix {S)
in averall coordinate system

[0

Loop on columns (1) of
element stiFfness matrix

Computs painter of kth
calymn

7z

Loop on rows {J) of
ol ement stiffness malrix

N

Compute location of cureni
elemant af stiffress
matriz and generate it

Error.

Set [ERR = 1

Prepare for contribution of
acceleration to element
load vectar by seting
CONS, IFBG, and IPEMN

JPL TECHNICAL REPORT

g0

!

Loop an J
satisfied?

Loopon |
satisified

Fig. VI-24, Flowchart of subroutine 501 (Link 2)

32-1240
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SUBRQUTINE 502

[ all subroutine CODI to
genarate direction cosines of|
slement (ocal coordinate

Set vactor DUG as unit
vector in occeleration

direction
axes in DIR
b o0 ﬁbi\

Call subroutine BEAM 1o Call subreutine ELDI to
generate plonar-beam generate fronsverse
stiFfness motrix in locai directian for acceleration
coordingtes in matrix A in PD, member=gxis

direction in T, and

PN = TxPD

ﬁ*h
Set |PBG = Q, which implies
f )
no laad "vector generction

in main program for pressure
and acceleration loadings

()

Compute COMS constant
and fixed~end moments
due to acceleration loading

*80
Yos
Sel IPBG and IPEN for
computation in main
program of rest of
No acceleration=load vectar
40 f o
Set vector DUG as unit vecrar 4
of First averell coordincte a0
axis
Initiolize and call subreutine
RLOC to copy stiffness
matrix from A into S,
40* columnwise
Call subroutine ELDI te

generate pressure direction
in P, member-axis
direction in T, and PN=TxPD|

404+

Compute PRCO ond fixed-end
moments due o pressure

1ne
50 Generate thermal-end

rotations and complete
Sot I[PBG ard IPEN for thermaj-distartions vector
computotion in main

; : of free-free element in
program of rest o UV vectar
presiure=load vector

Y / -

] 42

By calling subroutine STRA,

express element stiffness
Yes matrix (3} in overail
coardinates

Na

ho
210+

° Return

Fig. VI-25. Flowchart of subroutine $02 (Link 2)
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SUBROUTINE

Ty

503

of element local
coordinate axes

Call subroutine CODI 1o
generate directian cosines

in DIR

)

}

generate grid-

coardinates in

Caull subroutine PLBE to

stiffness matrix in local

element

matrix A

)

Set IPEN =1

Set IPBG = O to skip pressure
and acceleratien load vector|
generotion in main program.

40

Ne

inta PRCO

Compute force magnitude at
ends due to pressure

' 3

{50

due to PRCO

Compute efement-load vector
in overoil coordinotes

2
1 s 1
= -
Yes
Na
70
Compute force of ends
due to acceleration
inta PRCO. Set IPEN = 2

9

¥

a0

By calling subroutine RLOC,
copy sliffaess matrix in A
inte 5, columnwise

(=)

MNa

108

Generate vectar UVG for
thermal rototions of
frea-iree beam in local
coordinatas

A)‘h

By celling subreutine TRAN,
express vectar UVG in
overall coardinates

*300

Generate thermal distarliors
of fres-lree beam in UV
vecter by using UVG

| §
(510
By calting subroutine STRA,
mxpress element stiffness

matrix § in overail
coardinates

1000

Return

Fig. VI-26. Flowchart of subroutine S03 (Link 2)

JPL TECHNICAL REPORT 32-1240
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SUBROUTINE 504

Call subroutine CODI to
generate direction casines
of element locat
coordinate axes in DIR

A

Set IPBG = 0, which implies
no load-vector generation
in main progrem for pressure
and acceleration

(2]

&1

[+

40

Set vector OLUG as unit
vector of first overall
coordinate axis

*50
Call subroytine ELDI 1o
genercte pressura
direction in PD, member~
axis direction in T, and
PN = Tx P

S0
Compute constant PRCO, ond
store fixed-end maments
due to pressure

ba

9+

Sat IPBG and IPEM for
computatian in matn
program of rest of
pressure-lood vectar

(2

Yes

Ne

70

Set vector DUG as unil
vector in accelerotion
direction

N

Call subreutine ELDI to
gonerate fransverse
direction far accelaration
loading in PD, member-
axis direction in T, and
PN=T x PD

o

Compute constant COMNS,
and fixed~end moments
due to acceleration
leading

20

Set IPBG and IPEN for
computation in main
pregrom of rest af
acceleration-loed vector

h

Call subroutine BEAM. to
generata planor {x, v} beam
stiffness matrix in local
coordinates in matrix A

90>

By calling subroutine RLOC
four times with proper I, JJ,
IR, JR, and NY valuas, store|
mairix in A properly into 5

ﬁo&w\

Call subroutine PLBE to gen-
erata grid beom stiffnats mo-

trix in local coordinates in
matrix A

**120
Call subroutine RLOC with
N=111=1R-=j5,
JR =5, NY = 6§instore
matrix A properly in §

)
N

Na

120

Compute thermal-end
rotations in free=frae
beam due ko DGZ
into UVG

125

Me

200

Campute thermol-snd
rotatiors in free-free
beam because of DGY
into UVG

I
20

Exprass vactor UVG in overoll
coordinates by calling
subroytine TRAN

ﬁfh

Update thermal-distortions
vector UV by UVG

/}h

Call subroutine STRA 1o
exprass alamen? stiffness
matrix in 5 in overall
coordinates

ﬂoioh

Return

Fig. VI-27. Flowchart of subroutine 504 (Link 2)
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SUBROUTINE 505

-

d)

Compute twice the orea of
kriangle inte AZ

Yes
41

8y calling subroutine
TRIM, generate [EM].
[EN] matrices

}

ar

By calling subrautine TRM,
generate [EN]T[D33] [EN]
into [@]

Set KAV = NAV

}

41+

Ganerate F1, and by means of
subroutine ADM, add F1

multiple of Q submatrix on ﬂ
element stiFfress makrix 5,
starting at location (1, 1)

3 Yes
By calling subrogiine TRM No
generate [EM] {D33][EN}
into [Em] 80
Compute contributian of
pressure on side of
I triangle into P,
By means of subrootine ADM,

cansidaring CFE value

add F1 multiple of [Q)
submatriz on element

stiffress matrix §, starting
at location (4,4}

85
kb Yes

By calling subroutine TRM,

generate [EN]7 [D33][EN}

into [QJ

g A
1
...60 90

}

By colling subroutine ADM, Compuls COMS, b, oo
add F1 multiple of [EM] eration loads ara camputed Error. Set IERR = 1
and [EM]T on efement in main progrom,
stiffness matrix 5, starting Sat PRCO = 0,
at locations {1, 4} and
(4, 1), respectively 1

1

“es0 o\

Set |PBG = 0 to skip
pressure ~and acceleration-
load vector generation in
main progrem

D

Return

O

Fig. VI-28. Flowchart of subroutine 505 (Link 2)
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SUBROUTINE 507

Compule twice the orea of
lriangle into A2

No

()

‘fes

41

By calling subroutine TRIM,
generote [Et], [EN], 13¢]]
submatrices. Compute F1
canstant

41*

By colling subroutine TRIM,
germ[rme [EQ]T [EZZ] [EQ]
Q

into
ﬂi\

Excmine [Q] to ses if triangle
is obtuse; if so, opply
canstant-trace scheme to
modify it; if not, centinue
ta next aperation

N

By means af subroutine ADM,
add F1 multiple of submatrix
[@] on element stiffress
matrix §, starting at
{ocation {1, 1}

)._

433*

Apply equilibrium algerithm
ta generate the partaf §
associated with submatrix Q

}

4022~

By calling subroutine TRM,
generate [EM:I‘I B33 fEm)
inte [Q). Compute
constant F2

22+

By means of subroutine ADM,
add F2 multiple of submetrix
[Q on element stiffress
matrix 5, starting at
lacation (7,7

402204

By caliing subroutine TRM,
generate [EN]T. L33 ()
inta [Q]

1452}

By means of subroutine ADM,
add F2 multiple of submatrix
[@] on element stiffness
malrix §, storting ot
location {4, 4)

+432

By calling subroutine TRM,
generate [EM]T (D33] [EN)
into |[EM}, and chenge
sign of F2

ﬁ!h

By calling subroutine ADM,
add F2 myltiple of [EMend
[EM]}T on alement stifiness
matrix §, starting at
lacatiens (7,4) and {4,7),
respectively

452

Set PRCO =0 to skip pressure-
laad computation in main
pragram. Compute CONS,
IPBG, and IFEN for
acceleration-lood
computation in main program

452*

Compule pressure loading
into P vector

MNa

451

Compute and store thermal=
distartions vectar of
free-free element into
UV black

Error. Set IERR = }

Fig. VI-29. Flowchart of subroutine S07 (Link 2)

A

Return
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SUBROUTINE 509

"7

Compute & times the volume
of element inte DET

@ =

735

Yes

720

Set VOL=1/{4*DET)

720

Generate x4 geometric
matrix inta AT

}

720+

Initialize IPBG by serting
IFBG = 0

Set KAV = NAY

()

No

728

Compute vacter in
direction of prassure with
maognitude of twice the
pressured area into PO and
set PRCO = PRES /(4*CFE)

Second cutting of multiple
olament. Generate P vecter
for pressure, considering
fallowing biock

-l

750

Loop an submatrix rows in
of frea-frec element
stiffness matrix

-

750"

Loap an submatrix coiumns {1)
of free=-free alement
stifiness matriz

Azf;

Single element or first cutting
of multiple element.
Remave pressure load
from unloaded vertex. Set
IPBG and IPEM for
completion af P in main

JPL TECHNICAL REPORT 32-1240

prugrﬂm
L
735
ACEL = 07 Yes
Nao
738

Set IPBG, IPEN, and CONS
values for computation of
P in main pragram fer
occeleration loading

Dad

*752

Generate (3,3} material
matrix necessary for
generation of submelrix

{1,4) tnrc B

775

By calling subroutine TRM,
gerercte [AT]T [B] [AT]
into [@]

Das

73

Compute IR and JR as location
af [Q] in free-free element
stiffnass matrix

*780

£

Compute 107 (line 1-21°

intg TX as reference

By calling subrautine ADM,
add'ng VOL multiple of [Q]
and [Q]T on element
stiffness matrix §, starting
ot locations {IR, IR} and
(3R, IR)

This slement is too small to
consider. Print message
ond skip cperation on
this element

Loop on J satisfted
?

ﬂﬁh

Errar.

Set IERR = 1

!

1000

Return

Fig. VI-30. Flowchart of subroutine 509 (Link 2)
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SUBRQUTIME 511

}

g

Cell subrautine CORT to
exprass coordinates of
¢lemant nades in local
ceordinates in X, ¥, Z,
XD, ¥D, and ZD blogks

Bas

Coil subroutine 505 to compute]
membrane stiffness matrix in
lozal coordinates and add it
lo element stiffness matrix $

wrgy

*11

Call subroutine 507 to generate
bending ond trarsverse sheer
stiffness matrix and load
vector in local coardinates
in 5 ond P blocks

*

9.._

S07 assumed thet (D5 = 18,
Shift stiffness motrix and
ioad vector in 5 and P
blocks for shell

-

)_‘_

507 clse generated UV vector
for IDS = 18. Shift
infarmution in UV for shell

+

9__

Complete thermol-distartion
vector LV by in-plane
expansions of free=free

Updots IPEM so that
acceleration [aading Ts
sxtanded to z-direction
in main pragram

n*

Shift pressure |ooding in P
generated by 507 with
IDS = 18 properly

for shell

}.

T)E*

SUBRQUTINE 513

3._

Transform P and UY vectars by
calling subroutine TRAM,
and § makrix by calling
subroutine STRA Tnto
overall coordinates

Call subroutine CORT to
express coardinates of
element nodes in local
coordinates in X, ¥, Z,
XD, ¥, and ZD blocks

-

1) e

3._

Return

Call subroutine 505 to
compyte membrane stiffness
matrix in local coordinates
inta &

element

Fig. VI-31. Flowchart of subroutine §11 (Link 2)

-

Generate P vector for
pressure loading and set
FRCQO = 0 for no pressure
load computation in main
pragtam

P

Set [PEN=2 5o that
accelerction loeding is
extended to z—direction
in main program

2]

Save IGEM inlo |1GE and set
IGEM=0 sa that subroulines
TRAM and STRA are used
in matrix trorsformation of
next black

gk

Call subroutine TRAN for P
vector and STRA for 5
matrix for representations
in overall cocrdinates

Bas

qa=r

Restore |(GGEM value

Return

Fig. VI-32, Flowchart of subroutine §13 {Link 2}
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SUBRCUTINE 515

}

wwng]

Set error bounds for X; and
X'H _inte ERl ard ERZ,

i+l 1
respecively

wng|

Compute abscissa of centraid
of triangle into XBAR. Save
contents of TE into TER, and
set TE = XBAR

D

*71

Sove material matrix in D21
inta £21

91*

Generate D33 matrix from
zzl

}

G e

By calling subreytine S05,
generote stiffness matrix of
triongle into 5 with
thickness XBAR

}

O #us

3y calling subroutine
TRIM, generate EM and
EN submatrices

rre]

by

Compule ordinate of centraid
of triangle inta YBAR, ond
set YBAE = 0

120

ﬂg

Set third row of EQ matrix
as third column of X

ﬁ*é\

Set V vector @ y-coordinates
of nodes aboul axis passing
through centroid

ﬁg\

Clear crea of @

a3+

Set {AX ot sequence number
of lost oFf-Y-oxis nade;
NN es tatal number of
nodes on Y -axis with ER1
toleronce; and LL o
sequence number of |mt
an-Y-oxit node. Check

if abscisses are negative

Negarive abscissa exists.
Error. Set LERR — 1

wh]

Set [e.lezea] material vectar

into third column of £22

9,

Set first and secord columns
of £22 os XHAR and YBAB
multiples of third &l

Pt

1%

Set F1 = 1/{2*A2), where A2
is generated by subroutine
505 (27ris dropped from
element matrices)

Oy

R

Yes @

Set indicator MM lo zero

1
ar

Loop on sides {L) of
triongle

*B2

)

Set sequence number of
secard end inte M
(sequence number of first
end is L)

9*

Set Ky, o Yiny

into XXX and YYY,
respectively

Fig. VI-33. Flowchart of subroutine 515 (Link 2)
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Set Q22 = G23 - 0 and
Q33 = YYY

Silope of Lth side
relative 1o y-axis within
tolerance ER2?

A

NotingM = i, N=j+1,
and K = | +2, compute
18{p, + p, o)A
4(ri + ri+2).!’~, and
(si + sH?)A inte Q22,

@23, ond Q33,
respectively

- 3

40

MNatingL = fand M = i +1,
compute |8 p‘JA, 4 riA, and

s.IA inte Q22, G323, and
Q33, respectively

Set MM indiceior to 1

First
end on Y-axis
7

Incracze Q(2,2), Q{2 3),
and Q(3,3) by Q22/(%*A2),
Q23/(2*A ), and QI
{.5*A2), respectively

Second snd is on Y-axis
Set on N the sequence
number of node
following second end

Loop on L
satisfied?

- %

5

Complete [Q] matrix o [F]
matrix and set JAX = 4

First end is on Y-axis. Ser
N = M and then M = L

(i

e

Generote [033] as d [F] by
using Z21(12) end [Q]

AN

Set in K the sequence
aumbar of node following
MNth node

By calling subroutine TRM,
generate [EQ]T [D33][EQ)
into [G)

Fig. VI-33 (contd)

FEd)

Gererate CAX vectar for
possible case of "2 nodes
on Y —oxis"

Qs
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e

Ban

Modify [Q] praperly by
using CAX vector for
the case of "2 nodes on
Yraxis" {no
modification if this Is
nol the case)

4+

Using second column of [Q],
COMNS walve, and G1, G2,
obtain load vector due to
acceleration

)._

ALl

By calling subrautine ADM,
add F} multiple of [@]an
slemant stiffress matrix 5,
starting at location (1, 1)

(I

b

By calling subroutine TRM,

generate rE N]T[E:ZZ] [EQ]
([B]" submatrix) into EN}

)._

CLrL)

By calling subroutine ADM,
add F1 multiple of {EM]

and [EN] T an alement
stiffness matrix §, sterting
at Jocatiom {4,1) and (1 4

iy

By calting subroutine TRM,
generate [EM]T [E22]{EQ]
(second term of 5) into [EM]

Pt

Cansidering the CFE value,
compute and increment
load vectar ky pressure
loeding

Add trarspose of [EM] o
inalf ( [5} submatrix)

*

B

N

By mears of subroutine ADM,
add F1 myltiple of [EM]on
element stiffness matrix §,
starting ot lecation {1, 1)

Set IPBG = -1 1o skip
accelarotion- and pressure~
loading computation in
min program

Fra

EN

Restore TE from TER, and
campute TIR and CONS
quantities for accel aration
foading

Restore material constonts
fram £21 inlo D21

*

9._

/2

Ganarate auxiliary quantities
on finst column of Q, and
wing them with [EQ]
{X]7 matrix), genarate
three quantities on secand
colymn of [Q]

Retum

(e

JPL TECHNICAL REPORT 32-1240

Fig. VI-33 (contd)
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SUBROUTINE 17

Compute length ond abscissa
of midpoint of segment
into BOY and XAV

Compute direction cosines
of 1-2 direction into AL
and BE and set
GA = BOY XAV

1]

ﬂf\

Set first row of Q a3
[-AL AL -BE BE]

ﬂ}*\

weag

By calling subroutine ADM,
add F1 multiple of 2x2 [G]
submatrix on element
atiFiness matrix 5, starting
at locatisn {1, 1)

(R

Define [J] =
[—BE/2 BES:
~BE/2 BE/2

ﬁ*z}h

By calling subroutine ADM,
add F1 multiples of 2x2
{Q] and [GIT matrices om
element stiffness matrix 5,
starting at locations {1,3)
ard {3,1}

24

Set Fl = TE/GA (21ris
dropped in all element
matrices)

Define F1 = TE*D33(2, 2)

4*

By colling subroutine TRM,
generate [-AL AL -BE BE]T
*[033(), )] [-AL AL -BE BE]

ser [0] =
T

on [EQ]

By calling subroutine ADM,
add F1 multiple of 4 x4
[EQ} matrix on element
stiffness matrix §, starting
at location (1, 1)

Aprerre

Dafine F1 = TE*D33(1,2)

Ak A

Define [@] =

[—AL 0
0 Al

Any of the ends on
ranis

5et Al=g, B1=b, ond Cl=c,
where a, b, and ¢ areas
defined in the derivation

26*
Cefine [Q] =
Al +C1 - Bl Bl - C1
81 -C1 (o)}
(e

Define F1 = TE*DA3(2,2)

/i\

Oefine Fi=
TE*D33(2, 2)/(27AL)

Ne

()

e

ser [@]= [] :]

!

Fig. V1-34. Flowchart of subreutine 517 (Link 2)
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30

By calling subroutine ADM,
add F| multiple of 2x2
[3] matrix an element
stiffness matrix, starting
at location (1, 1) .

30*

Set IPBG = -1 to skip
computation of pressure
anrd acceleration lead
in main progrem

307

Compute auxillary quantities
for load-vector computation
tnto Al, BE, F1, and F2

*¢

Using AL, BE, F1, FZ,
generate load vector
due to pressure and
acceleration looding on P

Error.

Set IERR = 1

A

Return

Fig. VI-34 (contd)
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SUBRQUTINE 518

/‘iﬂ\ 25+ )

Coll subreuting 317 _ .
all subroutine 0 ::l ot [Q] =[BOY)4/4 [I 1
1 1

generate porfs of stiffness
and load matrices relared
with membrane action

*30 40*
10+ By cailing subroutine ADM,

add Fi,mqltiple of 2x2 [Q] Defing F1 = F1*E22(1, 1)
Define F2 = TEVA2 x:‘::}u;::'eir:;r:rsrlffness
location (5,5)

w
&
)

I

[

*45

by calling subroutine ADM,
odd F1 multiple of [G] as

9*

Yes Cylindrical

stiffness motrix on element
stiffness S, starting at
location (5, 5)

- /i\
Cefine F1 = 45

B 0 part of transverse shear
segment

F2*D33(1, 2)*XD{1/BOY lSet [@) =
Any of the ends -(BOY)z"YD('I)/2 L: _]]
on Y -axis
*35
By calling subreutine ADM,
Set F1 = add F1 muitiple of 2x2 [Q] 45~
F2*D33(2, 2) *XD(1)/ (2*BOY) motrix en element stiffness [B.,. calling subroutine ADM,
matrix, starting at location odd F1 multiples of [Q] and
(5, 5) Q)T as part of transverse
shear stiffnass matrix an 5,
m starting at locations (1,5)
35 end (5,1}
No Cefine F1 = 3
TE*XAV/(BO
/(BOY) ™
Yos Defins [Q] =

) s wownuogyz [ b )
271 zh 33 [1 1]

Define first row of EM a5

S Define Fl = 2 f¥o(y -vp(n

F2*D33(2, 2)*XD{)/BOY) -XD(1}_xo(y] T

* ¥ * By calling subrourine ADM,
e 357 ?d?Tn multiples of (@] and
Qf I as part of transverse
/R IBy calling subrouting TRM, shear stiffness matrix on 5,
29 generate T stariing at lecations
By cailing subroutine ADM, m[‘* row of [EM] )\ €22 {1, 1) (3.5) and (5,3)
wdd F1 multiple of 2x2 ] first row of [EM]) on [Q]

malrix (defined by 517} on
element stiffness mairix,
starting at location (5,5)

D

55

9*

Complete thermal
o By calling subroutine ADM, distortions vector UV by
| ‘add F1 multiple of [G] o thermal rotations of
f\ part of transverse shear frae—fres elament
= stifiness matrix on element
Sat F1 = stiffness 5, sterting at
F2+D33(1, 1} *XAV/ROY location (¥, 1}

50
Return
[1]
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SUBRQUTIME STFS (IELT)

IELT =7

)._

Cotl subrautine 501 1
generate element matrices

9*

Call subroutire 502 to
genarata element mairices

9._

Call subroutine 503 to
generate element matrices

A

Call subroutine 504 ta
generate element matrices

k

Cell subroytine 505 to
generate element mairices

Call subroutine 507 to
generate element motrices

——y = 9
=10
Y
e
Call subroutine 509 ta
generate element matrices
. =11
- 12
i
5y
Call subrautine 511 ta
generate element matrices
=13
= 14
H )
0y
Call subroutine 513 to
generata element matrices
=15
=1
i
)
Call subreutine 515 to
generale element matrices
=17
ﬂt\
Call subroutine 517 to
generote element matrices
=18

e

7o

Calt subreutine 518 ta
generate element matrices

Return

Fig. VI-36. Flowchart of subroutine STFS (Link 2)

JPL TECHNICAL REPORT 32-1240
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SUBRCUTIME S5TRA

aneg

Frepare to exprass columns of
3 in averall coordinates by
setting J = ~IDS {§ is an

1D SXINS square motrix)

3

Leop on columns (1) of §

5

Compute pointer {relative to
5(1, ¥} of Ith column of §
into 1

A

By calling subroutine TRAN,
axpress (th column of § in
averall coordinates

Locp on |
sotisfied

Prepare to trarpote matrix 5
by setting [ABB = -IDS ond
|EBB = =ID%

P

Loop an rows (1) of mateix §

Compute pointers of elements
in first row of 5 info |AB
and |BE

r———-
2y

Loop an columns (J) of
matrix §

ﬁ‘h

Compute alement count of
5{1, 0} into |AB, and element
count af 5(4,1) into IBE

*13

Is |AB =1BE?

Interchanga {l,J} and
S5U.0

Loap on J
satisfied

Loop an |
satisfied

Prepare to express calumns
of S in overall coordinates
by setting J = -ID§

\

£

Loop on columns {t} of §

Compute pointer (relative 1o
501,13} of ith eolumn of
5 into J

EN

By coiling subroutine TRAN,
express lth column of §
in overall coordinatas

Loog on |
sciisfied

Return

Fig. VI-37. Flowchart of subroutine STRA {Link 2)
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Mo third word

SUBRQUTINE TOPO

ﬁ;ﬁ

Set zero to type numbers
of descriptive
information of Mth
efement and MN(1) block

N

Find and anclyze first
descriplive word of Mih
element for type numbers

Node labels
acceptable

*100

Find and analyze second
descriptive word of Mth
alament for type numbers

N

No Fourth word

Find end analyze third
descriptive word {if there
is any) of Mth etement for
type numbers

N

. No [Tfth word

Find and anglyze fourth
descriptive ward [if there
is any) of Mtk element for
type numbers

N

f _ No sixth word

Find and anclyze fifth
descriptive word [if there
is any) of Mth element for
type numbers

()

Find and onolyze sixth
descriptive word (if there
is any) of Mth element
for type rumbers

ot
Fiom

Ohiein and store in N(1)
black nede labels of Mth

JPL TECHNICAL REPORT 32-1240

element

Fig. VI-38. Flowchart of subroutine TOPO (Link 2)
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SUBRQUTINE TRIM

AA

Generate EM matrix {M
in raference)

ﬂfh

Generate EM matrix (N
in raferance)

ﬂgh

Generate EGQ matrix (L
in reference)

SUBROUTINE TRAN (A, IF5)

10
Initialize subvector number
IGEMP = IGEM + 1; pointer
relative to BUM{1, t};
cuxiliary poinier relative to
Al 1),LK = [FS-4*)M5

Loop on K
satisFied

T 1
{2

Loop on wubvector count L
{l = 1 meons displocemanis

subvector; L = 2 means
rotations subvector)

Loap an |
satisfied

430+

Return

20*
Compute pointer retative to
first ward of Lth subveetor
into LK

Loop on J
satisfied

Fig. V1-40. Flowchart of subroutine TRIM (Link 2)

T v
{30\
Laap an cotumns {J) of DIR
=1 fiest, J =2
second, and J = 3 third
overal | axis

N

Pr t DUM t
Laap on vertices {1} epare o copy vector SUBRCUTINE TRM (A, B, C, M, N1)

ente proper place in A
of efement
)
*40

A
@0% Set N = N1
Compute count of core-

sponding element inte Loop on elements {1} of
Ul and clear DUM (LJ1). DUM vector

Compute painter of a
element in A into LKt
L1 00

Loop on L

satisfied

Find location in vector A
corresponding to

Loap on raws (K) of DIR DUM {1} in 1t 2 1
(K = 1 first, K= 2 oy Mot matrin B
d, K = 3 thirg . opy Mxh matrix
’laocc:ri P ) “400 Change sign of N inta C
Copy DUM(I) onto A(N} L F— 1

20%

Compute count of element
in vector A into LKI

N

Add cantribution of A{LKI)
on DUM(LAI

8
Compute into [D] the product
of IC}T [A], as an MNabd

mairix
/!N

Compute inta EC] the product
of [D}[B] (which is equal ta

(€)' [a] [c] ¥ >0, or
@ Retorn )" [Alc] iF N < 0) as an
MxMN matrix

Loap on |
satisfied
?

Fig. VI-39. Flowchart of subroutine TRAN (Link 2) ﬂi\

Return

Fig. VI-41. Flowchart of svbroutine TRM (Link 2)
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MAIN FROGRAM OF LINK 3

10

031

Start measuring time by
colling subroutine TICK

EN

Call subroutine VELAS to
ohigin salution of
reduced set of equations
by Cholesky schema

o

Measure solution time by
cetling sybroutine TICK

20

Canvert selutian time into
seconds unit

Selutian
successful

Print oyt solution vegtor

2341

Clear an area of §*IN wards
in COMMOM fer temporary
storoge of deflactiony in 8B

ﬁi\

Using deflection corsiraints
and solution of reduced
syster, generate complate
deflection infarmation on

=

Copy deflection information
from BB inte COMMON
startirg fram {IDEF + 1) st
word on COMMON

Set lERR = 3,2, or 1,
depending upen types of
elaments used: for types 2,
17, ond 18, {ERR = 3J; for
types 3, 7, and 8,
|IERR = 2; IERR = 1 for
remaining types af elements

441

Raarrange deflections into
BB block as "IDEG
conseculive words, "

"2 zero words and 3
cansacutive words” or "2
consecutive words, J zaro
words, ond | nonzera
werd” for agch node,
depending upen

{ERR = 1, 2, ar 3

Cell sybroutine RES| to com-
pule residual forces on nodes
{excluding themcl forces)

Catl subrautine RES| to com-
pute residucl forces on nodes|
(axcluding thermal Forces)

N

Call subroutine PUNC for
possible diffarent mode of
outputiing daflections

111

Print out deflectioas as
arranged in BB black

Any
error in sbrouting
RESI
?

Any error in
subroutine RES|
K

306
Call subroutine RESW to print
out residugl Farces computed

iy subroutine RESI

Writa arror masage

l

-

355

Cafl subroutine EL5T to
abtain and write on tape
ITAS the elamant set infor-
mation {labels of elements

mesting at a nede)

302

(56N

Mecsure time spent in Link 3
by calling subroutine TICK,

and print it in second unity

Print cut ermot messcge by
indicating arror spet in

IERR

! \
/—34%“ 342

Call Link §

Call Link 4

Fig. VI-42. Flowchart of main program of Link 3 (deflection link)

JPL TECHNICAL REPORT 32-1240
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SUBROUTINE ELST

asg

Compute pointer for elament
sat informatien in
COMMOQON into ISN; set
number af words far this
purpose, assigned toc each
node, into IELM; set
1ELN = 1ELM ~ 1

EN

Compute first and last ward
counts of alement set
informetion in COMMON
and clear this areq; set
IONE = INCT =0

¥

T4

Loop on slements (1)

Find typa number of Ith
alement into IELT

A

Using IELT, see if elament
Is ona-dimersional; if
nat, setin KM the
numbar of vertices, and
in KJ the count of the
word, in alement
descriptive information,
which contains lobel of
first vertex

¢

G

{ompute pointar of word
that conteins label of first

vartex into KK, using KJ

Pa

&

Loap on vertices (I} of Ith
element

s

Find oddress KK of ward
that contains |dbal NN
of Jth vertex of the Ith
element, Obtoin |gbel

N
ﬁ-}h

Compute oddress of First
word of nodal set
infarmation of NNth
node into ISN|, and ifs
contents plus 1 into IE
(number of elements o

this node}

O

MNe

Yes

12

11

The element is one=dimen-
sional; increment one~dimen
sional element count by 1:
[ONE = IOME + 1

]

Update element count of
NNih node by IE, and
store |abel of this element
s (IE+)st word of
element set information of
NHNth nods

|3

Print messoge that there are
too many elemants at this
node for cllocated space
in COMMON and set
indicator INCT ta 1

Loop on
J satisfied
?

Na

Loap on

! satisfied
?

Fig. VI-43. Flowchart of subroutine ELST (Link 3)
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O

NQ

24

Copy labels of JE elements
masting at Ith node into
IMNT vectar from
COMMOMN

t

Yes
o

A

19

Loop an nodas (I}

Sat ITAS = Q and print
aror massoge

o

Find first word address infa
ISNI and ils contents inta
IE af element set
information of Ith mode

2%

Write on tape ITAS the node
label {I), number of sle-
ments (IE), and lahsls of
thase elemenis (IMNT)

23

Weite on tape ITAS the node
lghel |, and two nonpositive
numbaers

Na Loop on

JPL TECHNICAL REPORT 32-1240

| sotisfied
?

Backspece tape ITAS IN
records to positian it
for aiement set
information of first node

£

Return

Fig. VI-43 (contd)
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SUBRCUTIME RESI

%o 11
Ctear IND words in beginning Compute centeibution of
of stiffness motrix area for S(KK) to element nodal
residun| forces forces {excluding themal
Inads} of element in P

f__— vector, and update P
/J ;

70

Loop on slements (1))

B

50

Loap an
K satisfied
?

Rood J1lth record from tapa

ITAS for elemental Compute address ISTI in
information ond matrices overal! resicual force
of JIth &lemant vactor af wond

corrasponding to F(l)

ﬂ *i0

Update corresponding

Yeu Mo elemeni in overall
residual veclor by
-CF*P(1)
N 92
Singla slament cone, Set Multiple element cee,
CF=1, Set CF= 0.5
‘ + Lacp on
L | satisfied
?
3
Cocs

element label an
tope carrespond
with 1J

Loop on 1ows of free-free
slament 3+iffness
matrix (1)

N

Prepare to computs count of
elemant in Ith row of
slemant siiffness matrix

f y
/A\
Loop on columns of free-
free aloment stifiness

matrix (K) /R
KLl

"]}

100

Errar. Set ITAS = 0

!

1) satisfied
?

b

Computa sount of el emant Retum
{l, J) of 5 intc KK, and
address of correspanding
deflection component into
iDEFK

-

Fig. Vi-44. Flowchart of subroutine RESI (Link 3)
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SUBROUTIME RESW

*74

Print cut heading for
rasidual forces

*71

Clear an araa of six words
for residual force
camponents in F vector

72*

Print out residual forces of
Ith node

Loop on

£

Loop on nodes {1}

Compute pointer of first
word of residval forces of
Ith node inte 15TH

o

¥

=

Loap an degrees of freedom

{1), Compute address of
Jth residuat force
component into |5TJ.
SatL = J

genercted by

mgin pragrom)}

1,2,0r3
2

| satisfied
7

Return

Serl =1 +2

SetL=J+1

JPL TECHNICAL REPORT 32-1240

) 4

£\

Copy Jth component of
residual force of Jth neda
inta P{L)

Loap on
J satisfied
7

Fig. VI-45. Flowchart of subroutine RESW (Link 3)
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SUBRQUTIME YELAS
(MM, (ERR, IST, IDEF}

Copy painter of diaganal
element count inta 1L,
and set |J = IST + 1
and Z = |, E-16

)

Yes

1000

101

Set 4 = NN (number of
unknowrs), N1 = N +1}

Error. Set |ERR = -1

1001

Find smcllest dicgonal
ol amani in magnitude
ard store in E

N

Using E, zecomputa
allowable minimum for
diagonal elements in Z

“diogonal element
larger than E
2

1312

Compute address of firsi
word failowing matrix A
into MAX (N waerds
following A ars for
slament counts in each
calumn of A)

*701

Cleor N words follawing
mahrix A, Prepare o
obtoin rest of U on A

™

Loop on remaining rows
{1} of matrix A

/a%b\

Cempute column number of
last element of Ith row
inte JMX, oddress of
Al 1) into 1D, and set
il= D=1

14

Increase element counts of
columms from | fo IW
(1w = "JMX of previcus
row")

Obtagin U1, 1) an A(1, 1)
by A{IST+) = A(IST+T}

Cbiain salutian on right—
hand side @ A(IDEF+]) =

A{DEF+1)/A{STH)

1072

Compute rumbar of alsments
in First row inta IW

()

Yes

1313
Computa remaining of first
row of U an correspanding
locotions of firt row of A

152

76

19

Updete IW as JMX for next
fime, ond yet [El = | =1

)
(s

Leop an columns {J} from |
to JMX to obtain ele-
ments of U in Ith row

ﬁ*s-x

Compute address af A(l, J}
inta |J, and row number
of First elemant in Jth

]

celumn inte KB

%)

No

1162

Loop on rows (K) of A from
KB to IE]

1142
Compute oddress of A(K, J)
into JK, and oddress of
A(K, 1) into 1K

Obtain contributions of
AK, 1) erd A(K, 1) 10
U(l, J) by A(l, )) =
AL S - AK, BFAK, )

Laep on K
salisfied
?

o

dicganal element Compute U{I, §) by
AL /AL D) on AL J)

large enough

Compute LI, 1) by VA(I, 1)

on A{l, 1)
t 1

Yy
A

Loopon J
satisfied
?

Loop on |
satisfied

Fig. VI-46. Flowchart of subroutine VELAS (Link 3)

JPL TECHNICAL REPORT 32-1240



ne

Set |M ay address of
last diagonal element

EN

Start forwerd sweep by com—
puting Y()) on B{1). Prepare
to obtain rast of vecter ¥

Mo koop en |

(G

Loop an rows (1) of U
from 2 to N

(1009
Compute addresses of B{1} ond
UL, )inteL ond ID, set

IE1=1- 1% and KB ="row
number of first element in
Ith calumn”

(5)

No
Yes
!
3521
Loop on rows {K) af U from
KB e IE1
"2

Compute oddresses aof
U(K, I} and ¥(K) inte
LK and JK

EN

Qbtain contributions of
U(K, 1 and Y{K} to Y{l}
by B(1) =B(1) = L{K, L}*B{K)

Locp on K
satisfiad

21

B{1)./U(1 1) on B(D)

o

\ Compute Y{I} by

JPL TECHNICAL REPORT 32-1240

satisfind
?

Stort backward swasp by
first computing X(M)
on Y(M). Prapare ta
cbtain rest of vactor X

A

Loop on rows (L) of U from
N-lte!

oy wad

Compute addresses of X{L) and
U(L,L) ints J and 1Dy set
DI =ID-1,J1=1~-1,
and JMX = number of ele-
mants in Lth row of U"

2N

Yes

321

Loap on columes {K) of U
fram L+] o L+JMX

EN

Compute cddresses of
Y{L+K-1) and Uk, L+K-T)
inta M and 1K

EN

Obtain contributions of
U(L, L+K-1) and Y{L+K-1)
to X(L} by B{L) = B(L) -
UL, LK1y {L+K-1)

Loap on K
satisFied
?

Compute X(L) by
B{L)/U(L. L) on B{L}

Laap on L
safisfied
?

EN

Sat success indicator
IERR = O

/o

Errar, Set IERR = 11 - 15T ho
show adress of related
dioganal element relative

te AL, T)
y

Fig. VI-46 (conid)

i

Retutn




No scratch fope is
ossigned. Print arror
maisage

MAIN PROGRAM OF LINK 4

F1000

Start macsuring time by
calling subsoutina TICK

{1000,

Save print indicator INP
Into INPT

Print out heading for strasses
in twe- ar three=dimen-

ﬁi\

BT

Call subroutine FINDQ to copy
deflection companents of
ICNth node inte GN vector

/1003,

" Recd record From tapa ITAS
for Iabel of current noda
(K}, number of alements
meeling at this node (LM}
and thair labals {first
calurmn of MEL matrix)

sional condinuum

b there

overlapping

in COMMODN
?

No nan~one-dimensional
&l amant gt node ICN,
Print massoge

Coll subroutine GENE ta gen-]
erate NEL and MAC tables and
ICLAS vector and IMEL integer]

Scratch area FF ovarlaps with
rmidugl force area. Print

Loop on nodes (ICN) of
whote structure

massaga

78

£

subroutine CAS4 for pessibl el

Rastare INP fram {NPT and caol |
changs in INP for ICNth nodel

*19

Clear COMMOM from 202
to 300, and scratch areg FF

Fird

Call whroutine FINDX 1o
capy X, ¥, £ coardinates of
ICHth nade inta XM vectar

O

@

Set indicators of baundary 1o
non=boundary: INBON = 0
and AST = BLANK

350

Call wbroutine BOF| 1o e if
node KCM is on boundory .
If s0, sat INBOMN = 1,

AST = IH*, ARE = average
boundary surfoce area of

node ICM and vactar BIR

£

Loop en differant material
types {IM) ot noda ICN,
from 1 to IMEL

ﬁi\

[Compute moterial typs numbar
IMET of I1Mth material group
and determina number af
classes ICLA in tMth moter-
iot group

£

Loap an diffarent closses IC
of {Mth material group ot
noda ICN

'

Fig. VI-47. Flowchart of main program of Link 4 (stress link)
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Error in tape operations.
Print message

1

\




ﬁi\

Detammine class number ICLA
of ICth class group of IMth
material group ot nade ICN

Ey

Call subroutine INLZ to
initlalize vectors BAS ond
MNES, metrices DIN and W,
and comstants ICOM,
ANGLE, IROT, 85T,
IERR, TE, D7, DG

INBON = 0
?

Call subroutine ABEQ! to gen-
erate squations for stress
boundary conditions in A,
and preseribed stresses in
SR

A

£

Detarming colomn number |E

of last element in ICth closs
graup of IMth matestal group)
at nede ICM

Yes
No
7
Shell type, Set {ROT =} L
and BST = 2d**

EN

Cali subroutine DINA 1o
generate DIM mairix, BAS
vactor, and comstanl angle

INBON =0
?

) |

(o

Laop on columns (IL) of MAC
matrix {for IM, 1C pra-
scribed) fram 2 ta 1E

()

Na

5202
Print heading for strain
deflaction equations.
along nodal lines

Call subroutine MRIM te
rotate locol axes at node
ICM so that K31 oxis is in
ZTA-BIR plane

L

N

Cell subroutine META to
exprass material metrix in
local coordinctes, | lacal
is different than averd|
and the maletia! is not
isotropic

N

Claar aroa A in FF for
strain deflection equations

Fig. VI-47 (contd)
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Jr

Chbtain element [abel
IELT of {IL~1)st element
of 1Cth closs group of
IMih material group ot
node [CN

ﬂi}

|By calling subroutine SETA,
obtainstraindefl ection equa-!
tionsin A for those nedal lines
aof element |ELT that pass

through node ICN

Loop an L
satisfied
?



Mo

81

Print gt direction cosines of
local axes K51, ETA, and
ZTA, ond deflections of
node ICN in lacol
coordinates

ES

By calling tubroutine LEST,
solve for unknown strains
ot node ICN for ICth
class group of IMth matarial
group by leost squares

Mo IERR = O

522

Yo

523

Strain deflection aquations
in A cannot be solved.
Print massoge

Call subroytine STRS 1o com-
pute stresses ab node ICN
for ICth clas group of IMih
material group in 5R vector

523*

Print cut stresses in SR vectar
by indicaling node, mate~
rial, £lass coordinale system,

- and boundory relation

(20

Po

5232

Skip two lines in output to
saparate stress computa-
tian of naxt group

1

Loap en IC
satisfiad

Loop an
IM satisfied
?

Loop on ICN
satisfied

Call subroutine DIMI teo
compule and priol stress
resylkants at ends of one-
dimensiona} slements

@ =

(22)

oy

(-]

FALLAY

Call subroutine TICK to
mecure efopsed time in
Link 4. Print elopsed fime

ﬁ,g\
Call Link 1
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SUBRCUTINE ABEQ

"

Copy residual vector of nade
ICHN into RES from COMMON

residucl force areg

g*

Initialize 1EQ, IREB, IREN,
¢TI, CR, CL conslants end
vector N such thot their
final volues ore abtained
with least medification

-+

Initialize REK and NEK
motrices for general coe

First
vertex an
Y=axis
1

St XX = I. Set XX = XN(I)

32

Sel squation count
ICON & zerc

az2*

Madify initiclized quantities
in blocks ?* and ?** above,
cecording to class hypa

3

s

Loop on rumber of right-
hard sides (J} of stress
koundary condition
equalicns

15*

Set zaro Into six elements
of vector RED

Bat

158%

Copy proper components of
residus vector RES of
node ICMN inta RED vector

16*

Express the first three
compongnks of
rasidue vecter RED
in local coardingte
system in vector SIR

O

Fig. V1-48. Flowchart of subroutine ABEQ (Link 4)
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17*

»

‘Loop on stress boundory
candition aguations ()

0"

17%+

Eat

Loop on numbsr of right=
hard sidels) [J)

Qbtain celumn number of
right~hand side in il,
related compenent
number of SIR in K, end
related column number
of material matrix in LL

A

Obtoin column number of
Jth right-hand sida in K

}

4157

Obtain Jth right~hand side
of Ith equation

)3

Yes

Me

192

Obtain coefficients of
unknown strains in Ith
equotion ond set waight
of this equation as 100

Sot €L = CLACT

Loop an |
salisfied
2

45

Take from eoch of IEQ
ecuaticns proper right—
hand side, madify it
witably, ond store
successivaly in SR vactor

-

Modify IREB, IREN, CR,
and ICONM for sacand
right~hand side

) 4

Leopon J
satisfind
i

¥

Loop an J
satisfied
t

Frint out equations for
stress boundary conditions,
their weights, ond
prescribed stresses

pooy

Set prescribed stress
count in L to zaro

4

ﬂnu

Returmn

81



82

SUBROQUTINE BEST (CIR, JBAN, MZ)

250

Set squetion count L to zere

|

EN
alkat

Loop on naighboring nodes
(1) from | to MZ

N

Obtain label of 15t naighbor-
ing nede in K, and its aver-
all coordinates in XF vector

EN

Setl =L+ 1

N

Obtain condition {in a
coordingte system paral lel
te averall and originating at
AN()-1.15 XN{)-1.14,
XMN(3)-1.17} thet 1th neigh-
bering node is on the plane,

as tha Lth equation

Loop on |
satisfiad
?

Set DET = 0

there less than
three squations
2

By premultiplying matrix in
A by tronspose of its first
three columns, ebigin in 8
@ 3% matrix, ond in CIR
a 31 vector for the equa-
tions determining the nor-
mal direction of best-flt
plane

20*

Call subreutine INV to sclve
equations in 8 and CIR,
Subroutine MY puis solution
in CIR and determinant of B

)

45

Assuming that L > 1, gener
ata CIR vector e crass
product of vectors that
join node ICN to first and
secord neighboring nodes

£\

By cafling subroutine UNIT
with Q > 0, genarate &
unit vector, in diraction
CIR, in CIR

(39

Na

34

Print oyt overall coordingtes
of node ICN, and diraction

cosines of best-fit plane

£\

Rerumn

Fig. VI-49. Flowchart of subroutine BEST (Link 4)
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SUBROUTINE BOFI
3% 27 26 ﬂioz\

-

Set 154 (number af elaments Vertices of elemant are simply Sclid-element care whars Laop on alements of NSET
of closses 5 and 6) and 14 sequential . Find sequence vertices are sequenced vactar () by 3's (I is also
(number of alements of numbars of vertices neigh- with @ more complicated counl of whvactors of
class 4) zero for noda ICHN| boring Jth vertex into JP1, rwis. Find saquence MSET veclar)

Alsoset IC = 4, IM5 = 2 JM1, end JSI numbars of vertices
neighboring Jth vertex

inta JP1, JMI, and JSI
1 ‘ A

™

Loop on elemants of subvac=
tors af MSET vactor (L) fram
1 ta & {a subvector has 6
elaments)

Camputa 154 end 14 valuas
of node ICN by axemining
LM elements meating at
this node

MW A
>/

Loop an neighbaring
verticas (K) of Jth vertex

b

D-

104
Compute number of elements C 1 t of &l t of
K " ompute count of element o
at ncde at are no 24 MSET into K, and set J =

of classes 4, 5, and 6 into
IRES

Notirg that JPY, JM1, ond L2
51 are NU{1), MNU(2) anc
MNU{3), obtain sequence
aumber of Kth neighber of

*13 Jth vertex of the Ith

alamant in KK

)

D

SatILIM I, 2, or 3ifall LM r'os

elements ore of classes 5 or

&, of clesses 1, 2, 3, or

7, or of closs 4, respac- *300

tivaly. Ctherwise bronch Mo

1o blosk 50 Augmant NB by | and copy
labal of KKih vertex of Lth
alement into MNSET wector 6032
as MBih entry

18 Setj=4
Set NB= 0 1

A
@31
Compute count of element of

NSET motrix into 11

a

Copy 1Jih slament of NGET
inte Kth alemenr of MSET.
(Thus Ith subvector of MSET
consiss of first, second,
secand, third, third, Flrst,
neighboring vartices af ver-
tex ICM in Ith elesant of
alemants of node ICN})

Locp on K
satisfiad
?

f f“

Loop on alsments (1) meei=
Ing ot nada JICN, from 1

ta LM

QObtgin number of vertices
of lth alament of node
ICN into IMS

N

Find sequence number of

Locp on |
seisfied
+

node KON in vertices of Ith
olement in J. (If nods ICN Yes m
is not ong of the verticas,

bronch to 19)

Laop on L
satisfied
?

Three~dimensional mesh
casa. By setting K = 0,
prepare lo copy MNSET
vactor inte MSET vactar

by axpanding

@

Fig. VI-50. Flowchart of subroutine BOFI (Link 4)
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03"

By setting KB os langth of 60537
MSET vactor and M3 = D,
prepare ta find out if nade Loop on elements {J} of NBAM|
is on boundary, and if so, From 1 to MR

i1s neighbors on boundary

7

o

40,
Laop on elements (1) of
MSET by 2%
,63*:*\
Set12=1+2 Loop on J
satisfi ed
?

Node MSET(I) is not in
NBAN Fist, Aygment MB
by } and copy MSET{l) as
MBih element of NBAN

L 4

(a5

Losop on elaments (J) of
NBANM from 1 1o MMB

Set |J = 0. Campuore pair of
MSET{E) ond MSET (I+1) with
foliowing pairs in MSET vec-
tor. Any time apair is iden-
tical (order isnot importont)
with MSET (1) and MSET([+1)
poir, nutlify those elements of
MIET ond cugment W by 1.
Continue until following
pairs of MSET cre ol
examined

NBAN(J) =
MSET(I+1)
?

Loop on
J satisfied

Node MSET{F+1) is not in
NBAM list, Augment MEB
by 1 and copy MSET(I+1} as
A8ih element of NBAN

Nede ICN is on baundary. ‘
Nodes MSET(l) and
MSET(I+1} are its neigh=
borz on boundary. Set
MMB = MB aond chack if
these nodes are alresdy
in MBAN fist

Loop an
b satisfied
?
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401

42*

Loop on elements (J} of MSET
from | to NB

Copy NSET vector inta
MSET ond set MB = O

Line or surface mesh case.

N

Locp on al ements (1} of
MSET from 1 e NB

)

Yes

37

2]
No

Yes

42

Set MSET(J) = 0 ard
cugment KLIM by 1

KLUM =0

Set NODE = MSET(1},

JPL TECHNICAL REPORT 32-1240

Loop on
1 satisfied
?

-

£\

fn

Auygment MEB by | ond copy
NOCE inte NBAN{MB)

Error in mesh topelogy
infarmation. Print
message

Loap on
| satisfied
?

Fig. VI-50 (contd)

T

85



86

Lina mesh cese. Sat
MBAN(1) = NBAN(2)= 0

Node is on boundary. Set
INBON = 1 and AST =
1H*

e

Three=dimensional mesh. By
calling subroutine INER,
generate in 5IR o vector
heeding towards structura af

node ICN

A

N

By calling subroutine BEST,
obtain directon cosines of
nomeal af a best=fit plane to
nodes listed in MBAN vector

One-~dimensional math. By
calling subroutine INER,
ord then subroutine UNIT
with @ < 0, obtain In BIR
a unit vecror haoding awey
from structure, and in ARE
the length between the
twa vertices of the element
on boundary

Twe-dimenzicnal mesh, By
colling subroytine |MER,
genercte in $IR a vactor
heading towerds structure,
Compute o unlt vactar in
direction of line joining
tha two neighbering bound-
ary nodes in BIR

ﬂih

Compute in ARE half the
distance between the two
boundary nodes. Generate
on BIR the componant of IR
that is perpendicylor to
initicl BIR-

Fig. VI-50 (conid)
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(5IR) - (BR)

0+
?

Naomel is heoding away from
structure, Set @ = }

it is not possible to 'stemmine
outer narmal vectar, Set
INBON = Q to ignore stress
boundory conditians

502

Normal is heading towards
structurs; change sign if
nacassary. Set Gl = «1

©

473

Nomal is heoding wway from
struchure, Set @ = 1

L §

L35

By calling subroytine UMIT,
preduce desired unit nosmal

veclor on BIR

ﬁi\

Computa averoge distance
batween neighbaring bound-
ary nedes and node ICN,
and awuming this the radius,
compute averoge boundary
surfoce area on ARE o area

of circle

494

Mormal i haading towards
structure; sign changa is
necessary. Ser @ = -1

(N

Call sybroytine UNIT to
genarate unit namal vee~
tor an BIR

JPL TECHNICAL REPORT 32-1240

Yes

Ne

¥

Print out ICN, AST, MB,
MNBAN vectar, NB, NSET
vactor, ARE, and BIR vector

{100

Ratyrn

Fig. VI-50 (contd)
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SUBRDIUTINE DIMI (K)

0

Rewind tape ITAS

ﬁt\

Sel [ERR = 0, ZGEM =
IGEM, IDS = 2*1DEG

(o™

Laop on elements (MM} of
structure fram 1to T

o

Recd MMth record from tape
ITAS for M, ITTT, ITTM,
NAY, DS, IDS2, N, §,
PT, and P

Find element type [ELT of
Mth element

L)
@ Yes

No

110

Obtain XD, ¥D, ZD, and X,

Y. Z vectors of Mth element,
from COMMON

\Z/

88

200

Call subroutine CODI te
obhain DIR matrix where
rows are direction
camines of local axes

<2

*250

Clear COMMON area from
200 to 235

}

250*

Obiain transpese of DIR
matrix on DIR, for
transformations from
overall to local

O

300

Call subroutine STRA to
express in 5 the stlffness
matrix in facal coordinates

Na

(2)

440

Grid beam case. Shift

IELT < 2,
=2,ar »2

three comperants to third,
fourth, and fifth calumes,
and nellify First and
second columus

!

Planor beam cose.  Shift
third companent in PV to
sixth column, and
nuilify thind component

Dat

300**

Obtain in VDE deflections of
end points of Mth element
in overall coardinates

)._

370™

By calling subroutine TRAN,
express VIOE in local
coordinates

ﬂﬁh

Obtain in DUM vectar the
product of $ motrix and
VDE vactor as slastic
forces at ends

ﬁ*h

By calling subreutine TRAN,
expross fixed-end forces
vector P in lagal
coordinates

m‘;\

Combine elastic-end forces
with fixad~and forces to
obtain final end farces in
PV matrix in lacol

coordinate system

Skip a line in output and
change sign of second row
of PV {which comesponds to
first end) to express forces
in local coordinates at ends

*3

Print out alement

end-point labels, slement
type, and end farces in
lecal coordinates at

label,

end peints

satisfied

Loop on M

1100

Tape error. Set IERR = 1,

K =M, [A{201) = MM

Return

Fig. VI-51. Flowchart of subroutine DIMI (Link 4)
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SUBROUTINE DINA

Call subroutine AGEL to
generate DIN matrix and
AMNGLE

General shell case. Call
subroutine QUAL to obiain
DIN matrix and ANGLE by
filting a quadrati= surface
on node set

Shell of revolution cese.
Call subrovtine REVO to
generate DIN matrix from
a fourth-erder polynomial
curve fitted for meridian

: i’

Me

&

Prirt out DIN malrix
{eolumns of which are
direction cosines of lacal
oxes) and AMGLE

EN

Return

Fig. VI-52. Flowchart of subroutine DINA (Link 4)
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SUBROUTIME EPAN

“8

Rearrange NB el aments of
NSET vectar {lobels of
nodal sat} in increaing
order

Order of MELE
vector positive

10*

Set KK = ICH, MIN = 9

ﬁEEN /

Leop on slements (1) of
NSET vactor from 1 to NB
Loop on elements {J) of

MELE From 1 to IMN Capy MELE vectar inhy NELE
"lq

Set kK = NSET(l} - KK
252* 253*
Loop on elements (L) of - -
ﬂ NELE From 1 to NN St NN = NN, MIN = 1
=0 >
<Q
191
Set K = <K

Loopoenl
satisfied

N

Bockspece tape ITAS K

recordls
1 This iz @ new alement. Aug-

ment MNN by | and copy

MELE{J) inta MELE(NNN}
21 r
forwand tape ITAS K ¥
reconds

4 -

2

Read record for element ser ‘
MELE of KKth node (Ith
node in node set of node

tCN)

Laop on J
satisfied

Loop on |
satisfied
?

Fig. Vi-53. Flowchart of subroutine EPAN (Link 4)
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20% 15+
Start o reposition tape Loop on verlices (J) of Ith
ITAS by seHing element of NELE from !
K =ICN - KK ta IMS

N

Store |abel of Jth vertex
of Ith slement of MNELE
into K

¥
o
Loap an entries [L) of NSET
Sat K= -K from T to NB

ﬁ;t\

Boclkspace tape ITAS K
racards

PR

31

Laopon L
Forward tape ITAS K satisfied

recards

1
/’30\ K is a new node. Augment

M8 by 1, and copy K inic
Loap on elements (1) of MNSET(MN8)
NELE from 1 ta NMNN

30*

Set in NN the element type
ard in K the material type
of Ith slement in MELE

F;z\
If K = IMET, and NN is 11,
12, 13, or 14, Find numbar
of vertices in IM5; atherwise
branch to 3

/!E\

Set painter of node lgbels af
vertices of ith element of
MELE into JIt Retum

Loop on J
salisfied
7

locpon |
salisfied
?

Fig. VI-53 (conid)
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SUBROUTIMNE FINDQI(K, Q)

’-n'-qo‘

Compute painter of
deflections of node K
inta |DEFI

£

Loop on degrees of freedam
{1} of nede K from 1 to IDEG

F*ih

Find COMMON count of |th
companent of deflection
vector of node K

*10
Capy |th component af
defloction vector af node
K inta Q1)

Locp on |
satisfied

Retumn

Fig. VI-54. Flowchart of subroutine
FINDQ {Link 4)

SUBROUTINE FINDX(K, G)

Compute COMMON counts
of X, ¥, Z coordinates
of Kth noda into 1XXI,

SUBROUTINE GENE

g

Loop on slements (1) meating
at nede ICN, fram 1 lo
LM

}

whry

Compute element labal M
of Ith element in the
element set listed in
first calumn of NEL
malrix

L]

Obtain type numbers of
descriptive information
and node labels of Mth
element by calling sub—
routine TOPO

Das

*3

Obtain number af vertices of
Mth el ement in IMS

D*

Find class of Mth element
ond store inte IC

Dat

Copy 1ELT, IMET, IC, IMmS,
LTIC, JSDZ, JPRS, ITEM
into Ith row of NEL
matrix, starting from

secord colymn

9*

Caopy node labels inta Ith
raw starting from tenth
column in NEL matrix

}

7*

Y, {22t

Copy X ond ¥ coordinales of
node K into Q{1) and Q(2),
respectivaly

Compute Z coordinate of
node K into Q{3)

A

Rehrn

Fig. VI-55. Flowchart of subroutine

FINDX (Link 4)

Set IM5, JSDZ, ITIC, and
IC 1o zero

()

Yes

Ne

71

Frint PEL maotrix

)

Set IMEL = 1 and LMT = 0,
cnd store in vectars NELC
o MELM the class ond
matericl type numbers of
elements iisted in NEL

matrix
/J ;
Ela

Locp on elements (1} meeting al
node ICN to genarate mao—
ciated entries in MAC matrix|

()

° ND
Yes
21

Increose material group

counter LMT by 1

EN

s Na
213 212

>

Loop an |
satisfied
?

Set LMT = LMT - | and print
message thet there ore more
than faurmaterial groups of
rode ICH

Set IMET = NELM(I) and
LCL =

- 3

()

Loap an elemants () maeting
at node

ICH from [ 1o LM

Fig. VI-56. Flowchart of subroutine GENE (Link 4)
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Yes

221

Increase class group
caunter LCL by |

(=)

223 [ Sar ICLAS(LMT) = LCL

Locp on K
satisfied
?

Ltoapon J
sotisfied

Set LCL = LEL -1 and print
message that there are
more than faur closs groups

Set ICLA = M

ELCW), L= 1, t .
and MAC (LMT, LCL, I)=0

in LMTth meterial group

af node ICN
A
i Y Loap on |
-f satisfied
1 ?
ﬁm\
Loop an elements {K) meeting
at nods ICN from J e LM
Set IMEL = LMT
Mo ﬂ
Yes
Mo
Kth 4
element of ciess -
type ICLA 81
? Loop on elements (I} of
ICLAS vector fram ¥ fo
LMT
Set NELC(K) = MELM(K) ﬁ!h
= 0 ord gugment element Print out MAC motrix shast
count in LCL1h cless of relatsd with Ith moterial
LMTth material group by | group at node ICMN
Loop on |
es bo sotisfied
234 233 J
Set L =L - 1and print messoge Set MAC(LMT,LCL, L) = K
thot there are more then 17 and augment
elements in LCLth class MAC (LMI, LCL, 1} by 1
‘ fon-ratl L Return

JPL TECHNICAL REPORT 32-1240

Fig. VI-56 (contd)

93



SUBROUTINE INER{CIR)

AA

Make the three components
of CIR vector zers

Y
£y

Loop on nodes (1] listed in

MNSET vecter from | 1o NB SUBROUTINE INLZ
ﬁ{\ g
Find lobel of Ith nede in Set indicaters IROT = Q0 and
_NS_ET v:cmr and siore B5T = blank to imply that
it into local axes are parallel to
overall axes
"'I
Obtain coordinates of node "
K in vector XF by cailing E

subroutine FINDX Set BIN and W motrices o

unit matrices of order 3 to
imply that local cxes ore
*] parcllel to overall axes

Augment CIR vector by vector
indicoted by line segment
from node ICH 1o node K .

3_,_

Compute average TE, DT,
and DG for ICth clos of
IMth material group at
neda ICN

Loop on |
satisfied

10*

}

Computa ICOL, RIG, ond
IDR values for ICth cims

of IMth maferial group of
Retym neda ICH
Fig. VI-57. Flowchart of subroutine INER (Link 4) K!‘N

Set ANGLE = G and
ICOMN = |ERR = @

&9*

Set BAS vector os a unil
vector heading from first
vertax towards second
vertex of lawest |abel|ed
element in ICth cless of
1Mth moterial group of
node TN

)

Ne

21

Print aut average TE, DT,
DG, and BAS vectar

[
20

Return

Fig. VI-58. Flowchart of subroutine INLZ (Link 4)
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SUBROUTINE INV (A, N, B, M, DETERM)

A

Set DETERM = 1.

h

Clear N alemants in
IPIVAT vector

20*

Set BB = 1. E-30 for
nonzero diogonal
alement tast

* N

Loop on rows {1} of
coafficient matrix
Afrom 1o N

i

Sat AMAX = 0,

! S

Loop on rows {J) of
cosfliciant matrix
A from 1 1o N

Jth row

kafora
?

interchanged

A from 1 1o M

Loop on columns (K) of
coafficienl matrix

Kth column

bafora
7

100

JPL TECHNICAL REPORT 32-1240

intarchanged

A

Sat ROW = J,
ICOLUM = K,
e

| 4

Leoa an K
satisfied
2

Locpen J
satisfied
?

Indicate that column ICOLUM
is intarchenged by augment-
ing IPIVQT (ICOLUM} by 1

Largest

elemant on

diogenal
?

Start interchanging rows
ta put pivot on diagonal
by setting DETERM =
-DETERM

150

Interchange ICCLUMih
row with IROW1th row

This an
invansion job

interchenge 1CCLUMLK
row with IROWth raw in
right-hand side(s)

Fig. VI-59. Flowchart of subroutine INV (Link 4}

3

260

Racord number of calumns for
which column interchange
Is to be perfarmed by setting
INDEX(I, 1) = IROW and
INDEX(L, 2} = COLUM

310

Set PIVOT(H) = A(ICOUUM,
ICOLUM) and perferm
pivatal condersation far
determinant by DETERM =
DETERM*PIVOT{I)

3

P~

Divide ICOLUMIh rew by
diagonal slemant PIVOT{])

This
an inversion
jab

Divide right=hand sidals) in
ICOLUMth row by dingonal
elemant PIVOT(I)

(380

Loop on rows (L1) of coefi-
cient matriz A& from 1 ta N

£

Ne

400

Set T = A{LI, ICOLUM) and
then A[L1, ICOLUM) = 0.

430

Subtract T multiple of
[COLUMth row from L1th
row to eliminate ICOLUMh
unknown in L1th equation

This
an invertion
job
?

95



A

Subtrect T mulliple of
ICOLUMth row from L1th
‘ row in right=hand side(s)
]

Loap an
L1 satisfied
?

Loap an
i satisfied
?

| Yes

EN

Loop on columns (1) of
coafficiant matrix from
e N

i

SetL=N+1-1

Column
inlerchange
necessary

Find column numbers of
columns to be inter-
changed ond store info
JROW gnd JCOLUM
from index matrix

650

Interchange JROWth column
with JCOLUMth column

FOC2

Loop on |
satisfled
?

Error. Sat DETERM = 0.

'

740

Raturn

Fig. VI-59 (contd)
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SUBRCUTINE LEST

e
h k

Set ICOMM = ICON,
IERR = 0, JMX = JMM +
JMR

I
) *8

Locp on rows (1) of B motrix
from 1 to JMM

1
S

AwnAw
F 8

Loap on columns (J) of B
matrix from | to JMX

Ly

Set B(I, Jy = 0

Y

=

*

/7

Loop on rows (K} of matrix
A from 1 1o ICONN

Set KMX os weight of Kth
eguation {fram WG vector)

L
»

£

Loop on waight L from I to

Kt
/:t\

Compute contribution of
AlK, 1)*A(K, 1) to B(I, J)
far Lth Iime

Loep on L
satishied

Leep on K
satisfied
¥

JPL TECHNICAL REPORT 32-1240'

()

Yes

No

al

Cbtain symmetric element
From B(S, 1) = B{, J)

Loop on 1
satistied

Loop on §
satisfied
?

Loop on rows () of B matrix
fram 1 ro JMM

) 4

£

¥ o

Loop on right-hand=sids
columns J of B matrix
fram 1 to JMR

A

Compute column number
JC of Jth right=hand-side
column in B matrix os
JC = J + JMM; then
copy B{l, JC) inro C{I, 1)

Loop on J
satisfied

Loop on |
satisfied
?

A

Call subroutine MV to sl ve
JMM equations with JMR
right-hand sides given by B
a C matricess. Salutien is
in C, and determinant is in

DET
/-im

Readjust € matrix such that
first calumn s for direct,
second 15 for rotational
strains. Change JMR
accordingly. Alse include
in € known sirains, ond
redefine JMM i necessary

Set IERR = 0

Print out JMM, JMR, DET,
and camponents of best-
fit stroin tansar in C matrix

1

/2

Return

Fig. VI-60. Flowchart of subroutine LEST {Link 4)
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SUBRCUTINE MDIN

]

Set indfeators ROT = 1,
BST = 2H** to show that
local eoordinates are
diffarent than averall

EN

al

Find overall coordinate axis

Ma

33

that makes largest angie
with nomal vactar BIR

Y
312

By calling subroutine VECT,
sel ETA local axis as cross
product of BIR and unit
veetor of Y-axis

2

311

By calling subroutine VECT,
set ETA local axis o5 cross
product of BIR and onit
vecior of X=axis

S

313

By calling subroytine VECT,
set ETA local axis @ cress
product of BIR gnd unis
vector of Z-axis

Py

£

Qbtain a unit vector in ETA,
using the vector in ETA.
Qbtain ZTA as (BIR) x (ETA)
and K51 as (ETA} x (K51)
sa that K5l is cointident

with BIR
_

Rotote local axes K5I, £TA,
and ZTA such that K51 axis
becemes coincident with
outer normal BIR vector

Fig. VI-61. Flowchart of subroutine MDIN (Link 4)
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SUBROUTINE META

A

Claar material mairix DD

N

Sat thermal censtants ALY,
ALZ, ard AL3 to zara

3

=2 ITYPE = 0.1, =1

Iy

40

Copy tharmal constents into
ALL, AL2, AL3, and
upper material matrix inte
DD from COMMON

or 2
3

Copy thermal constant inte
ALY, ALZ, AL3. Obtain
E, G from COMMON,
end campute Paisson’s
ratio into PU

30

Copy thermal constants
inte AL1 and AL2, end
upper material matrix
inte D fram COMMON

2

Mo

Yes

el

Assume DD(1,3) and
DR{2,3) to be identical

with DD{i, 2)

Sot K = J and compute El
and E2 far general salid

CiBe

207

St K = 2 ond compute E]
ard E2 for plane stress
cae

220

I |

Fig. VI-62. Flowchart of subroutine META (Link 4)
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100

220

Loop on rows (1) of DD
matarial matrix from
1 ta £

o

éo-

Loop on columns {J} of DD
material matrix fram |

()

Yes Mo

202

203

Sat DD(, ) = EI,
DD(1+3,1+3) = G

Yes

Na

71

Call subroutine ROTA 1o
express matrial malrix
LD in local coordinates

Set DD{I, J) = E2

!

'

Neo

Pa——y

Logp on J

No

satisfied
?

Loop an |

satisfied
?

Set DBG 8} = G

£

Generate symmetric lower
part of materigl matrix O0

Fig. VI-62 (contd)

Y

7

Pa

Interchange third and
faurth rows of DD

&2

Dt

Interchange third and
fourth columns of DD.
The motrix is now
arronged in 1, 2,12, 3,
13, 23 arder

S

Mo

l

Print out matrial matrix
of material type IMET
in focal coardinctes in
1, 2,12, 3,13, 23 order

-

i

Return
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SUBROUTINE QUAD

ik

3et K = 0 and IE g5 calumn
number of lest element in
ICth mow of IMih sheet of
MAC matrix

2

Loop on entries {I) of ICih
row of IMth sheet of MAC
malrix from 2 ta IE

Find sequence number {[ELT)
in NEL and number of
vertices (IM3) of finile
alsment msociatad with
ith entry

P

|

**31

Loap on alemants of MSET
vactar (I} fram 1 1e K

()

Yes
No

131

Set NODE = MSET(1},
augment NB by 1, ond copy
NODE into NSET{MNB)

ﬁt\

o Make zera those elements af
MSET that are identical with
1 NODE = MSET(l)
awy
Locp on vertices {J) from 4

1te

13
/*i?\

tncrement K by | and copy
labe! of Jth vertex iata
INSET{K)

Loap on
J satisfiad

Loop en
| satisfied
?

QObtain first approximation
cf middle surface narmal
inZD o (1-2)x {1-3)
lines of slement
associcted with
MAC{IM, IC, 2)

m‘-\

SetNB = 0

Locp on
[ satisfied
7

Call subroutine EPAN o
incramse order of node
sel vector NSET 1o at
least ? by considering
vartices of nelghboring
elemenis

Yes

Mo

18

Print out NB and |abels of
nades in nade set (NSET}

}

7

Cell subroutine BEST 1o
generate in ZTA the normal
vector of plane best fitted
to nodes listed in NSET

17+

Compute mognitude squared of]
vecior in ZTA into Q

»)

No

Yes

171

A best-fit plane waos not
possible, Copy ZTA From
ZD

P

Y
AT

Seot ICAT = 0, and copy XII
vactor from BAS vector

(202

Compute o unit vector into
ZTA in ZTA or -ZTA
direciion, depanding upan
Q + or -, and ETA @ a unit
vector in (ZTA) x (X11)
direction and X1 o= g unit
vector in (ETA) = (ZTA)
direction

Fig. VI-63. Flowchart of subroutine QUAD (Link 4)
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25* 24
Qbtain augmantad matrix in
Band € by
premultiplying A with

Xl and ETA axes ore an
principal curvature

L X N directions. Ser
transpose of its first sight ANGLE = 0
salumne for unknown
19 coefficients of best-fit ‘
. f quadratic surface passing
Print out message that in —_—
place of best-fit quadratic ulhxrb:J::‘:ﬁaILCcﬁ and
surface, best-fit plane is :o:rd:‘nums X1, ETA,
used [for normat direction) o 2T " 4 o
Compute angle between Xil
29* and first principal
curvature direction
Coll subroutine IMV to cbiain
unknown ceefficients of - L §
quedratic in first column of |
C and deleminant of 8 in
Setl=0 DET e
Compute principal normal

curvatures into X{1}
and X{2)

)3

\

ﬁ_ o Yoy
Loop on nedes (1) listed in

MSET vactar

[x(] < |x@] x| = |x@)!
Mo
21 29
Directien cosines of normal are IO ERETE
Set NODE = NSET(E} CEF, 1) CE, 1), 1. Express

normnl in overall coordinates,
and stere info ZTA vector.

Set ICAT = ICATH Modify auxiliary quantities
CES and 5EM so that for
smaller curvature, direct=
ton will be first direction
Yes
‘ -
4
Y I
z Compute unit vectors in
Calling subroutine FINDX, 205 X and Y for smalter and
obtain coormdinates of NODE farger principal curvature
in XF vector Sat ANGLE = 0. dirsctions, respectively

A\ o

Express vector joining ICN —— -
te NODE In local coordinotes M"d”c’: dirsction cosines
matrix DM of {ocal axes

and stare into X vector
Yeos such that Xl oxis is
coineideni with smaller

curvature direction

%

21
Augment L by 1 and write on N
matrix D as Lth row the 3%
canditign that NODE js on 206 oIt d
a quadratic passing through . Compute Al in degree
MODE ICN Compute d.iffarence of units
curvatures into FC, ond 1%
! of um of gbsalute valves
of curvetures inte ER L]
Y

AT
ﬂ Raturn

Loop an
| sartisfied
?

Fig. VI-63 (contd)
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SUBROUTINE REVO

N

Sel necessary consionts

IE

Find number of elements of
class IC and matarial 1M,
maeeting ot nade ICN, inte

(2

100

Place first and second node
labels of single elsmant ar
node ICN inte NSET(1)
and MSET(2}), or NSET(S)

200

14*

Loop on nodes (1) included
for use in bast-fit curve

o

Compute label of Ith node
into K

o

Compute coordinates of
nede K into RED vector
by means of subroutine
FINDX

Place three node |obels of
first two elements inle
NSET array as second,
third, ond faurth entries

L
ey

Loap ar IPONN complement
of integer powers (J] of
polynamial terms

and MSET(4), deperding
upon whether node ICN s
First or secend node

Compute power
correspanding te J into L

Searching fourth and fifth
word vectors af elemen)
descripticns, complete
NSET vecter to a vectar
of order 5 to contain lcbels
af nodes for polynomial
curve, The order of MSET
is in NBE and NB= 5.
INSET is clways teft
justified, ond contains
labels of cansecutive
nades pertaining to
elaments of class IC and
meterial |M

o

Obtain Jth entry in Ith row
af B matrix (caefficient
matrix of unknown foctors
of fourth-degree

polynomial equaticn)

()

Mo

440

Locp on
J sarisfied
?

Ohtgin right-hand side of
Ith equation in first
colymn of C

Print out N3ET vector to
list lahels of nodes to be
used for palynomial curve

JPL TECHNICAL REPORT 32-1240

(i

Set IPONMN = NB,
PP = IPONN - 1

Loop on
| sgtisflied
?

Obtain crude direction of
first local axis Xl o
vector joining nade
PO 1o nods IPONE jn

vactor RED

Fig. VI-64. Flowchart of subroutine REVO (Link 4)

103



19%*

]5.'
Sat ynit vector of sm:!:md Cbrain Xl @&
local axis ETA as reverse o) w ZTA)
af that of ovarall Z-axis

i £

Set@ = 1. Yes

ﬂ-&]h Ne

QObtain unknown coeficients 20
f pol ial ivi
Il i A Set @ = -1., since nomat in

the set in B and C. B i
Salution is stared in C Z.TA i haoding in wrong
and determinant of B is in direction

DET ]

[
62 2
Ohtain unit normal in

ZTA hecding to proper
Yes Ns dierction; then obtain
X1l os unit vector in

{ETA(ZTA) direction

18 17
Print out messoge to thow that ‘ ‘
na polyrnomial fit is done, ond Set ZTA(1) = O -
that ¢rude normal direction
is used 25

Retun
181* 17*

. . . Laop on IPGMM complement
CObtain unit vector in RER of integar pawars {1} from

copy RED inta XII, sat
ZTA as unit vector in 1to IFP

(X11) % {(ETA) direction
.']9

Compute power
cormespending to | into
K, and set Cl = K

ki
Compyte contribution of
Kth power term into first
derivative of Y(X)
eveluated at node ICN
and odd ta 2TA (1)

Loop on
| satisfiad
7

St ZTA(Z) = -1,
ZTA(3 = 0

Fig. VI-64 (contd)
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SUBROUTINE ROTA

4

Compute material
transformation matrix inta
R by using motrix W

}

Material
isotropic
G

}

20
Chbtein in T the matrix
T
product of {R') (DD)

b

21"
Gbtain in DD the matrix
product of {TIR), which is
material matrix in new axes

D)

N Yes

Copy DIN matrix into W
matrix, which is direction No
cosine matrix of new
material axes in old ones 5

Print aut matrix R

Compute angle between first
material AXIS(BAS) and
first Yaca! axis (XI1) inta AG

Angla

AG less then

| deg
?

Obtain direction cosines of
material axes in overall
system as columrs of ¥
matrix o5 ({ZTA) % (BAS))
(ZTA) . (ZTA)  (8AS),
AND (ZTA)

*15

Express ¥ matrix in local
coordinates inte W matrix,
which has same meaning
as in klock 11

Fig. VI-65. Flowchart of subroutine ROTA (Link 4)
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SUBROUTINE SAME

fu&h 750

Priat out stresses in everall
cocrdinates with TN,

AST, IMET, ICAS I
(i

Roturn

Sat BCD blank in TEST

Bending moments are in last
three elements of RED
vectar in 1, 2, 12 order.
Generate moment of stress
tesnor in 33 DM
matrix

' _ []

Stresses are in RED vector in
arder of 1,2,12, 3, 13,23,
Generate stress tensor in
3»3 DMM matrix

114

Chtgin symmetric lawsr half
of siress tensor In DMM

200*

Obiain in DMMM the marrix
procuct of (DMM) (DIM}

EN

Obtein in DMM the matrix
product of (DIN)T (DiM),
which is stress tensar in
overall coordinates

()

106

700

Copy bending moments from
DMM into SR (reverse
aperation of black 113)

450

Caopy stresses from DMM into
SR {reverse operation of

block 112)

750

N

Fig. V1-66. Flowchart of subroutine SAME {(Link 4)
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FUNCTION 5CAL [CIR, DIR)

SUBRGUTINE SETA

Chbtain in SCAL the dot ’*\ “

product of (CIR)-{DIR) FERER
Obtain number of vertices of Yes

LELTth elemant in NEL
matrix inta IMS
Ne
Return
25
*'.13
Exprass TDIS, CROT, CDIS,

DROT, and DCOR vectors in
local coordinate system

Loop on vertices {I1) of IELTth

Fig' VI-67' FIOWChar' Of fUHCiion SCAL (link 4) elemant in MEL matrix

! o
A\ ) 4
13 /24

Chtoin label of I{th vartex Augmen® equatian count
and store inte K KON by 1
a 247
Yes Campute unit vector of nodal
fine {ICH-K) inta DCAR
{in lagal coordinates), and
length into CL
MNe

13 [ 1
Obtain coardinates of node ﬁa&“

K into XF vector

Loop on columns {1} of
ICONth equation

}

*151

Qbtain deflection componants *31

of node K into QF vector Compore 1 ard 17 velom
asaciated with Ith entry
of ICOMth equation

161*
Chtain in DCOR the vector
jaining node ICN to node 37

K in overall coordinates Compute Ith coefficient in
ICONth equation

Bt

*14

Obtoin in vector RED the
relative deflactions of
node K with respact ta
node ICN

Loop an |
safisfied

B

14*

Obtain K5 end KB values for
current class type

Store in RED rermal vector
in local coordinates

Using KS and KB volues, H’
cbtain displocemenis and
rotations of nade ICN into ."a
CDI5 and CROT vectors, Loop on righi—hand sides {1}

ard relative displocements of ICON:h equation
and rotations of node Kinte

DDIS and DROT vectars
45

Obtain cofumn number of

Ith right-hond side in
ICOMth row into ICL

Fig. V1-68. Flowchart of subroutine SETA (Link 4)

9._
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Y

{0

SetCC =0 Set CC = q,

eampors ims CC tharmal Se CC = ALY Se1 CC = ALIDG ampire s CC oyl
strain per unil lamperamyre; rotgtion per vnit gradient;

then set CC = CCADT then set ©C = CC*DG

R} .- .- '

A EN

Compute and store properly Compute compenent of
Ith right=hand side of relative rolalion vecter on
ICOMNth equation nodal line
56+

Subtract nodal line compenent
of relative rotetian vector
from inself, ond obtain in
DC component in direction
normal to {ZTA-nodel line}
plane. Set DC = DC/CL

EN

Obtain Ith righi=hand side
of ICONth equation

‘ . '

Fig. VI-68 (contd)

3
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Loop on |
watisfled
?

Sut waight of ICONth
squation as 1 in WG
array

INBON = 0
?

Loap on nodes (1) listed in
MBAN vector from | to MB

Loop on i
satisfied

This nodal line is cainei-
dent with boundary. Set
weight of ICOMNh equation
s 10

Yes

Nao

41

Print eut ICCNHh aquation,
K and the weight of

‘ ICQNIh equation

Loop on Il
satisfied
?

Fig. VI-68 (contd)
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SUBROUTIME STRS

Fés\

Set CM = TE

*10

Set CM for bending mements
o CM = CMATE*TES12.

A

Loop on J
satisfied
?

Interchunge thrid and fourth
elements in SR vector so
that stresses are in 1,2, 12,
3, 13, and 23 arder

A

Return

Determine KBG, KEN, and
K5H carstants of asrrent
<laws rype

41

Clear six wards in RED
vector

Using K8G, KEN, and KSH
values, copy prescribed
stresses, orranged in 5R
vectar by subrautine ABEQR,
into RED vector properly

[

P

o

)

Loap an colurmns (J) of best=
fit strein matrix from 1 te
RIG

Copy RED vector into
SR vector

=

Loop on raws {1} of material
matrix fram 1 to ICOL

Compute sequence number of
stress component in RED
vector into )

5

Campute 1Jth component
of RED vactor

Loop an |
satisfied
?

Fig. VI-69. Flowchart of subroutine STRS (Link 4)
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SUBROUTINE TEMP{CC)

A

Express unit vectar of nodgl
line (ICN-K]) in original
material axes inta SIR
vecter

10*

Using 5IR vectar, compute
elongation of unit distonce
on 5IR direction due lo
1-deg temperature rise

N

Reten

Fig. VI-70. Flowchart of subroutine TEMP (Link 4)

SUBROUTINE UNIT(CIR, Q)

(L

Compute length square of
vactor in CIR inlo R

Chonge direction of CIR
wec hor

Set G =R and scale
down CIR by Q to

obtain unit vactar

Y
N

Return

Fig. VI-71. Flowchart of subroutine UNIT (Link 4}
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SUBROUTIME VECT(A, B, C)

A

Ohktain in vector A the
crass preduct {B) x (C)

A

Return

Fig. VI-72. Flowchart of subroutine VECT {Link 4)
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VII. Source Program Listings

This section contains the source program listings of ELAS/Level 3. The listing
of each program element is treated separately, and given a table number. The
listings are arranged alphabetically by the subroutine names, under the main pro-
gram of each link. The meanings of the variables used in the source program may
be obtained from Tables I11-2, I11-3, and I1I-4 of Vol, II (basic). The organization
of COMMON for each link is shown in Fig. 111-1 of Vol. II (basic).
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Y
CELAS

L
[

2700

Lt ]

297

101

2472
a9y

Tuas
Tusb

A00R
30us
3001
iou2
3002
3004
3005
300k
37
3011
ETER
3uzz
ESED

1149
1200

1300

Taud
1200

1625

1us

4agl
b lay 2

4443

PP
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Table VII-1.

TE FORTRAN

XEQ

CHAIN 11,2

LABEL

1 FLASI000
MAIN PROGRAM FOR INFHT LINK ELASLO0L
REANS, STOHES ANIY CHECKS INPUT DATA FLASLONZ
DIMENSTUN T&{L},A8(1),REMIT),NTII0),MIMHY [5000) 5 IPUMIS000) 63}  ELASIOND
LePI2a) sV 24T 080 Y ORLZERT XY YT 4 04 70 sRUMMY L 27 . 9) FLASLONA
740211210, 51114611 FLAS100%
COMMON 14,84 ELASLONG
FOUTVALENCE (1A,ART, (AAL 20000, DUMBY] ELASIOOT
EQUIVALENCE (DHIMMY, 10UM,NT L RURAT ) 4 TOUMBY LY (REH) TLASLONA
EQUIVALENCE (F&E13, INIQ{T&120, FRANI 1AL, 100 ( tAta], IP}-1]05), ELASIONG

YIPRS Y E1ALA] L ITYRE o f1ACT] L TMATE 1A TH) ¢ IDEGI A TALYY A INX] L 1ALI0) L ELASLDLN
?lH!.(lll]_)_|,Ial,(Inl12),IMM>(I,(]A(13).IMMV]q(IAEl‘w]|[MMZ)v(Iﬂ(l§J-FLnSIU]l
FIMED ), (1AC1&63 0 TAREY o CLATTT IoME D3 (121251 MI o Qi 1A(2A) 4 1Y f1A{27) (ELASIOLE

ALSTRY{1AC2B) o IFL 114 i 1A« ITEM {14300, ITICY, (IAIZT I TMETL, ELRSIOLS
SUTA(BZ 1, 1SUMY, ITA133) NN, TTAI241 IMS), 1 1A{36), 105}, L1A13T), FLASINS
GIORDY s { [A13B) . IORDY ) 4 {TATIT L ACFL bal TATSDI LIt I8I5E1, U210, FLASIOLS

TITAIS2Y, 03], (TA153]), 08, FIAIS4), 09 4 11A19GT. 61, 0TAL1561,07), (TAISTELARINTS
BlpdBY ol LAIBRYJTY ), (IA(S21, BB I TALAD), TR 4 LEACSI], 11D L1A(R2}.FLESLOLY

FITA) 2L 1A(63) ¢ I0T o ITAISG), IDY), LIALASTITEY (i LAL&YEa 1TARY ELASIO1S
EQUIVALENCE | [AI&S), ICAR) 1 E216TI+ICIAT, (TA(AAYTCIVILTIA[ED], ELESL0LG
JICIZ ot lAC O}, ICF I 4 CIAITI I IR LERIT2) BV, TALT2Y, 1770, FLASID20
ZILAIT&1, 110], (1ALTS ), INEF ) fIALTEI-1ST1,f1a{T7).115) FLASLOZI
Sy ClA(THY W IGEMI, CEATTOY 4 IFRRILTAAIBO) TEY (A2 {RL},.DT), IARIAZI DG, ELASIOP?
GUARIEI)  ALY), (AA(BA) L ALZ), I AAIAS) (AL3 I, IAAIARY. D211, (24107 ).F), FLASLORA
SIRACL3Y] LUV {AATISS I, X1, (AAITE3Y, YD LARIITE) 2 . [AALLTEI DY, ELASIDZ4
AIAAULEAT ¥D], (AA(1G3 I Z00, I BATIST oG] ¢ ENATA0E  Z0EHY FLASINZS

TolABIA2) o INP Y, LART43), IPAGI (BA(LEY  IPENY o (AATAT) CONS) (ARL4ET.TNELASLINZE

BloLAACGT}GT) W [AALAB 146211 AAI49).0) FLASLOZ?
EQUIVALENCE (1A{345),N1ICY ,(LAT368), [SDTI. (1402471, ISDYI L 1AL346) FLASINIA
e lSDON, TIR1345]), 09, LIATSA4 ), 0102, LEALI43) » JPREY (I 14(342),J5PY) FLANLD2S
2.11A0341),d5D2) - 1 1A(340] ,JARE )+ { 1A(339) 1 JHMX ). LIAI338]) . JuMY] FLAZINAG
A {1AI337 1, JMMZE F1A(3I6 ) JMFI L ETALIZIS) 4 LTAST L {1a7334),INZ) FLASLNAL
Ge{TAT323) PR P EAAC332) DGY] . (AA[A]) D621 LARIIZN) (PRES) ELaslniz
SellA1329), IPIR) ¢t 1A1328), ICNRY.ITALIZTIAIAING L {1ATAZ7 61, THES] FLA3L033
DIHENSTON IRERR{50) FLASIN3L
FEUUIVALENCE (1A(2N0), TBERR) FlLARID2:
DIMENSION ISTR{540) FLASIOZA
EQUTVALENCE (DUMMY(R1CO),TSIR) £La51037
EAUIVALENCE ([8{35),[SHUF) FLARIN3E
CALL TICK (1TI#) ELAS1AY9
CTES=3HEND FLASINLO
00 5999 |=1.9000 ELAS NG
14011=0 Fi.as1ne?
READ [NPUT TAPE &,297,(REMIT}I=2,1%] FLASI043
FORMAT {14Aa6) FLaSinas
COMPUTE OYNAMIC MEMORY ALLOCATION COMSTANTS FLASINAS

REAND INPUT TAPE S5410La INg 1T IDEG, ITYHE TGEML ISTRTH 18, LEN 1P, IPRSFLASIOGE

Lo IMAT NTICLISOT IS0Y 1507 LARE ) [MMX e IMAY IMMZ, IMF ] IMYTHP, IRHIFF FLASIOAT
2 FCOR,JRUNLIMES  IFTRLTITAR, TTAS Rl G2 G24ACEL CLASLM&R
FORMAT {2[6,611,305,1012,911.3F2,44E10.5) FLAS1049
IF IITAS) 2971.2971,2972 ELasLns0
REWIND 1TAS ELASI05]
CUNTINUE ELa51OS7
IF (ITaP) 1055, 7055, TN%6 FLASLNAZ
FTep-2 FLAS OGS
IERR=0 FLARINOSS
tF 1181 300,2008.3009 EELAS1O54A
I8=10 ELASIOST
IF LINI 2D0,300,2001 ELAS1OGA
IF (IT} 10D.300,3002 ELASYIOS]
[f ((IDEG=1}={]DEG-&1} 3D03,3003,300 FILa%10A0
IF (IFTYPE-Z) 3004,3004,300 ELAS1OAL
IF 1IGEM-1) 3D05,3005,300 ELASIOA?
IF (IS1R-11 300&.3006,200 FLASINGD
IF IIH-2) 300.3007,2007 ELASINAS
IF ([B=-IHI 300.3011.3011 FLASL10AS
I IIMET} 300,300,3021 ELASIOAE
LF (LNX#{INX=5)} 3027.3200,300 FLASIOGT
LF tINP-2) 3451,3451,300 FLASIObA
TND=1DEG*TH FLAS 10149
E EL&RLOTO
FLASYNTL

LE (TH-4) 1400119941300 FLASLOTZ
IF (IDEG-2) 200,140D0,1200 ELASIOTS
15=32IDEG FLASLOTS
Gt 1O 1500 FLASINTS
Ins=a#10EG FLASLOTA
G 10 1300 FLASIRTT
IBG=IH*IDEG FLASLOTE
115=350 FLASINTY
Do 1025 i=1.10 FLASEOHG
NT(I1=0 FLASINAL
o L03 I=1,18 FLASLOAZ
MYgL)=TT FLASI0RY
J1=115+1NSe 105 FLAS1DHS
J2=JI+NTILY FL_ASIORYS
NECNEEL R P3) FLANINRS
J4=d3+NTIAY FLASIART
J5=fe+NT1S) FLASLINAA
JE=J5ENTIS) LASINAY
JT=dbeNTEA) FLASLOG)
J=JTHNTITY FLASI09]
NEENLEL D] FLASIO97
J10=J9+NT L9} FLASLOGY
IRR=J10+NT{10) FLASINGA
(BO={RB+IND FLESINGS
0= 180+IRD FLAGINGA
IF (1TYRE=1] 4691,4422,4493 FLASINGY
TIA=TLD+2%TIHAT TILAS 1098
1PR=]IA+TIART FLaSINGS
GO 10 44654 FLASLING
J1a=l IB+S5EMAT FLASLINL
IPd=T1A+2=IMAT FLARTIO2
Gy [0 4494 FLASIINZ
[1as[ID+21 0 IMAT FLASTING
TRA=ILA+3RIMAT FLesilug
1iE= IPR-1ERS TLASIING
Ini=I1E+RTIC FLANLLNY
To¥=10T+1501 FLASLLOR
1pZ=INY+1507 FLASILNS

TECHNICAL REPORT 32-1240

aka)

Source program listing of main program of Link 1 (input link)

ICAR= ENZ+ TS0 ELas11in
1C1X=JCAR+TARE FLASLLLI

ICIY= 101X+ 1HMX FLasii12
ClZ=1CTY+IMmY ELAS1113
ICFI=1C12+Fum FLASITIA
FUX=ICFI4IMF] FLASILLS
TYy=Ixx+1k FLESTTIA
IZ2LEIVY+IN FLASLLYY
TIC=1ZZ+IN®IGFM ELASIILE
IDEF=11C+IN0D FLASITY
TU=1DEF+InD1 ELASTIZD
IST=1U FL&S117}

CALL THBL ELAS11?Z
AEAD AND PRINF UUT THE PHYSICAL &ND GFUMETRICAL PROPERTIFS NF THF ELASLIZS
ELEMENTS FLASIL?S

1F (INE=1) 2627,2576.2576 ELAS1I7S

#o2é WRITE OUTPUT TAPE 6,354 FLASTT?G
56 FOMMAT [LHL. 3K, L9FMaTERIAL PROPERIIFS) EL851127
2227 IF LIIYFE-1) 4487,6380,.339 ELASTLRH
4487 IF CINP-L) 25015, 2502,2502 FLa511723
2502 WRIIE OUTPUL TAPE 5.4486 FLASIL30
4486 FOAMAT | /20344 2HTP, 5% LHE L4K, LHG, LGX SHALPHA, LGH 1A/ FLASTIA]
2001 READ INBPUT TAPE 5010040 1DUMITE,DOMRY [1+1 0012 0UMMY L [+200)  DUMMY (1+3FLAS1132
1001 T=1, IMAT FILAS1137

T FORMAT (311z,3E8.5)) EL851134
00 4285 1=L.1MAT FLASTE34

1F CIDUHIL)—1) 300, 2500300 FLaS1]13s

2900 FTAT=TID#28t1-1 141 ELASLL3T
Tial=114a41 FLAS1128
ARCETOIY=DUNMMY L 1+100) FLasiiag

A& (IIDE+1)=DUMHY (i +2001 FLAS1140

ARt TIR1 I =0UamY ( 1+300) FrLasilal

47E5 CLUMTINUE FLAS1182
TF [INP=1) &621%,5550,5550 ELASI1GS

G950 WRITE OUTPUT TAPE 64482, {1 DUMAY(T+100]1  IUMKY (142000, 0IMEYIT+3001FLAS1144
Lrel=1,1HAT) FLASL1145
4483 FORMAT (2(15,3F13.5,10X11 FLAS1144
GU TO 6219 FLafita?

43EH TF UINE—1) Z504,2305,2505 ELAS114R
2505 WRITE OUTPUY TAPE h,4i8e FLASL1GY
4356 FORMAT ( /7¥,4HE DRLEX.4HG DR/IB TP GX 3R0LL T3, 3HDLZ, 72, 3HR14. HLASI150

LA 3HD2 T TR e AHDZ4 4 71Xy IHD &by 722 IHDSS « TX ¢ 3HDE R 7N, BHREGS LA X AHALPHALELASLIAL
2eGX.6HALPHAZ/ /] FLBS]TS2
2504 READ [NPUT TAPE 94200, LIDUMIII.DUMKY( [+100)AUHMMY {1 +200) DUMMY { [+3ELAS]1R3
100 s OUMMY L T+400) ( DUMMY ( T+S001 ¢ DUMKY | T+6G0 ), DUMMY LT +700)  DUMRY L 1+A0FLAST1 54

20) yDUMKT (149001, I0UMTT], DUMMY 14100014 DUMAY [ T+1100) 1214 IMATY) FLASL1SS
200 FURMAT 112,%F8.5/12,2E8.56] FLASI1R6
DO 4385 [=1,1Ha) EL&5L1AT
IF {IDUMETI=1] 30045560,360 FLaf1LlhR
5260 1IDI-TTD+3%11-11} ELAS115%
Tlal=1Ta+zeti-11+1 FLASTLAO
Ut 5350 J=1.9 FLASL1AL
SIDI=TIDL+d FLAST1LAZ
JOM=1+100%) ELAS11A%
53n0 AALJIDI)=NIMHYLIOM ) FLASL] 64
Ap{ [T48F ) =DUMMY | T+10QDO) FLaSt1AG
ARTIIATI+L1=DUMMY (L1100} FLAGSLLAS
43485 CONTLINUE FLASTLAT
TF TINP=11 &4Z1%,4400,4400 FLASLIAA

4400 WRITE OUTPUT TAPE 6y42B3,0 1 DUMMY I1+100] ,DUMMY [ T+2000 (DIMEY[1+3001ELASLTAY
o DUMHYE THAQC ], DURMY L 14500 DIMMY [ I+A£000 2 DIMMY L1 +700)  POMMY (148006 +ELAS 170

ZOUMMY [ 1+900 1 DUMBY 1T+ 10001 cOUMMY 1141 100) I=1.1TMAT] EL_ZI17L
6383 FORMAT {13,2X,9F10.3,5X,7F10.31 FrLagiirz
Gl PO 6219 FLASI1TS
4389 1F CINF-1) 2506,2507,2007 FLARLITA
2507 WRITE QUTPOT TAPE 644351 FLAS117%

4351 FORMAT FOXLGHE GR. 11X, 4HG ORI ZHTR 4N AHDRN L 12X, 3HOY Y, LPX,IFLASLIVE
ADZZ 128 IHNEY L 1238, 2HDT2 4 k2% 2HDEX 3 TR, 6HALPHAS ) FLASLLTT
25ub READ [NPUT TAPF 5,4352, (IDUMT 11 DUMMY (11007 DITKAY L T+2000  DUMMY {1 +FLASLITE
13001 DUMMY { 1+400 ) DURMY £ 145001 , BUMRYT (F+400) - DUMRY CF47001 4 DUMMY [THAFLASTI TS
2001 DUMMY (145003, IDUMTT ) THIMMY { 1410000 « BUMMY( [+110G1  DUMRY {T+12001FLAS11AD
3 DUMMY [[+1 3000 (NUMMY { T+ 14001 DUMMY 1T #1500 » DUKMT I T +1800 3, DUMMY (1+1ELAS LR
4TOC]  DUMMY T+ EEO0], TOUMCT |, DUMMY LT« G001, DHMMY I E+20000 s RUMMY [ 1+210ELAST1A2

500 g HUMMY { 1427001 (IHMY { [+2 3000 (DUAHY { 142400 ), [ =1, TMAT) FLASTIRY
4352 FORMAT (T2,9EB.5/12+9E0.5/12:8F8. 5} FLASEIHG
0O 1041 I=1,1M8T FLASLLAS

IF (EDUMETI=11 300.1043,.300 FiLAS11Re
163 1TB1aI10¢Z1o (=1} FLASILPT
TTAI=TTA«3%1-131 ELASIIRAK

GO 5400 J=L.21 FLASVIHY
JLDI=I101+) FLAS1140
JUM=T+100%J FLARILSI
S4UC AACJITOR ) sDUMMY L JDM) FLas1192
AnlITAL ) =DUMMY (3423200 FLASILS3
ARCITAT+LI=DUFMY L I+2300) ELASTI9L
ARUTTAT+3)=RUMMY | +2600] FLASLLGS

th4l CONTINUE ELASTIYE
IF (IMF=1) &21%,5590,5590 FLASILGY

5540 O 5600 I=1.IMAT FLASTIYS

WATTE DUTRPUT TAEF 6, LT00, € T4 HIMMY T4 1000 (DIMIY LT+ 7001, DUMPY ] +300) ELASL19S
1y DLUMMY 1 136001, DURMY{ [ +500 )  BUSHY ( T+600] S NUMAY L1 +22007 ) FLASTZOD
WRITE DUTPUT TAPF B¢ LBUG CUUMMY { T4200) s NUHY {14700} + DUMMY L T+ROR] JMFLASLZN]
TUHMY { 1+900 3 QUEMY {1+ 1000) cDUMAY [ [+11000] - NDUMMY ([ 423003) IFLASL202
WRITE DUTPUT TAPF Ay LROD G CUMMY (13 300) ¢ IHIMMY { T+ R00) MMy ([ +L 700 )y FLAS1 702
LLMMY T +1 300, AUMMY L T+ 14007 (DUMKY (145001 INMY L L+ 272001 FrLasizn#
WRLITE OQUTPUT TAPE 61900, {DONMY (1 +4D01 4 BUMIT L 1+5008 UMM [+ 300),FLASIZNS
TNUMMY E1+1A0D 1, BUMMY [ 1+1700 ), DUMKY{ [+1600) } FLASLZNE
WRITE UOTPUT TAPF & 1200 {DOMMY (14500 , DIMAY{ 41000}, BUMMY L 1+1400 ) FLASLZOF
14 DUMMY { F+1700) NUMMY L1+ 1500 ), LMHY [ [+2000) ) FLas17nAa
Sa WRITE OUTPUT TAPFE A, 1900 (IHIMMY T 1+ AN DUMMY CLETLOGH, DUMKY 115001 FLASTFOY

La AUMMY [+ 100, BUAMY ( T+2000] . IIMAY | {21003} FLASLAN
1 F3N FURMAT [//15.8E15.5/5X,F15.5) FLESL2TY
1400 FORMAT [5%46F15%.5,5X,E15.5) FLAGL?TZ
1900 FORMAT (AEYS.%) FLASIZ13
6319 1F {IPRSY  300,A316,72000 FLASLP14
2000 READ INFUT TAPE 5,2000, {INUMIT I, DIMMY{1+1R0),1=1, 1PRS) FLARI?1S
N 2200 [=1.1FRS FLASLZ L&

SAF DU =11 200,723 00, 300 FLARI?17
2100 IPRI=IPKR+]T FLASIZIH
AALTRR | =OUMBY {14100 ) FLARIZIY

2200 CONTINUE FLASLZ?N
1 UINF=L1 4718.2300,2300 FLAS]??

PAGD WRITE DHITPNT TAPE 4413012 (1.NUNMY{I+100}.1=].[FES] FLas§2Re
1301 FORMAT (/f/76X 1aHPRFSSURE TYURSA/ IS5, R0, 58X 1) FLASLA?
5218 [F INYICYT  300,6217.2500 FLASE274
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2400 READ [HNPUT TAPE 5,2001, | TOUM] Iy DUMMYLI4+100),1=1.NFIC}
DO z600 1=14NTIC
[F (IDUMLT)~1) 300,55004300
5500 ITE1=1TE+]
ASLITEI Y =DUMMY({ [+1000
2eud COMTINUE
IF (INP-1) &217,2900.2900
2900 HWATE ODUTPUT TAPE 6£,1302,.01,DUMHYIL+1001,I=L.NTIC]
1302 FORMAT (///76X, LSHTHICKNESS TYRES/FISIT5pF15.544x01)
S2LT IF (IS0T1 300,4216.5700
5700 READ TNPUT TAPE 5,2001, (IOUMIET2QUMHY [1+1001.1=1,150T)
DA 5720 I=L  ISDT
IF (IDUMiT1I-1) 200,5710,300
5710 [0T1=1DT+I
A8{ 10T }=0UMMY([+100)
5720 COMWI1INUE
LFE (INP=1} &PLb, 203045730
56340 WAIIE OUTPUT TAPF 6130301 DUHKY (]+100),I=1,18S0T)

1307 FORMAT (447 /6X,26HTEMPCRAATIRE ITNCREASE TYPES//15(15,E15.5.4%11]

Gzlh [F (18DY)  304,6216,3500
3200 RELD INPUT TAPE 5,200}, { IDUM{]) . DUMMY{1+1002,1=1,15DY)
00 2100 1=L.15DY
[F (LOumMCI}=1Y 300,36U04300
JeUu0 10YI=lDY+1
ARLIDYL) =DUMMY{ [+100)
3700 COMTIMUE
IF 1INP-1} &£215,2800.3800
ApuQ WAITE QUTPUT TAPE 6+1304,( 1. DUMKY{I+1001,1=1415D¥!

L3ua FORMAT (////4X.39HTEMPERATURE GRADIENT TYPES ALONG Y AXIS//

LISIHIS,ELR.5.021) )
57159 IF (1507)  300,6214,4000
4000 READ INPUT TAPE 5,2001,CIOUMIIN,DUMMYIT+ICO].T=1,15N2)
Du 4200 [=1,1502
IF {EDUMET}—-1) 200.4100,300
4lun 1021=1DE+1
AALIDZL)=DUMMY{14100)
4200 LONTIAUFE
IF (TMP-1] 6214,5300,4300
4300 WHITE OUTPUT TAPE 6, 1305, (1, DUMMY(I+100), 1=1415NZ)

L305 FORMAT (///¢4X A9HTEMPERATURE GRADIEMT TYPES ALDNG I 4XIS//

LISHIS.ELS.56X0 1)
b2l4 IF (TRRE)  300,6213,4500
4500 READ INPUT TAPE S,200%1, { JDUM{ I} 2 DUMMY( 1+1003 1=t 1ARE}
GO 4700 I=141ARF
IF 1IOUME) -5} 300,4400, 300
4600 ICARI=]CAR+]
AACICART)I=DUMHMY [[+100)
4700 CONTINUE
1F 1IMP-L1 &213.4800,4H00
4500 WRITE UUTPUT TAPE 6,1306,11,DUMMY{[«100), 1=}, J4RE)
13U& FORMAT (/77 76X, 10MAREA TYPES//I51I15,E15.5,4%0)}
G213 IF (TMMX1  300,6212.5000
S00C RE&AD INPUT TAPE S.2001. (IDUM{L) DUMKY{1+100).1=1,iMKX)
0O 520G I=1.1HMX
IF (EDUMCII-E) 300,5100,300
S1u0 ICIXI=ICEX+]
AATICIAL ) =DUMMY LE+200]
5200 CONTINUE
IF 1INP-1] #212,%3300.5200
5300 HRITE OUTPUT TAPE &,l30T7(1.0UMPYLL1+1001,1=1,3M0K)

1307 FORMAT (//7//6X,22HTORSION CONSTANT FYPES//(SII5.E15.5,4%)11}

6212 IF LIMMYY 300,6209,6000
GOUR REAN TNPUT FAFE 5,2001, 0 IDUMIII DUPHYIT100),T=1. IMMY)
DO 6200 I=l.IMMY
IF T1DUME13—1) 30D,6100,3040
&lun ICIVI=ICTIY+]
AATICIYT)I=DIMMY I T+10D0)
&Zu0 CONTINUE
IF (INP-1) b2Z09,8300.6300
6300 WRITE DUTHFUY TAPE & 130H, U1 DUMKYI1+1000,1=1, [M8Y}

Table VII-1 (contd)

ELASL2ZS
ELaSl226
ELasizzy
FLAS|2286
ELAS1229
ELAS1230
ELASL23L
ELAS1232
FLASLIZ23
ELAS123%
ELaS123%
FLAS1236
FLASY1237
ELAS1238
FLASL1239
EL&S1240
FLASLZaL
ELAS1247
ELASL242
FIASTZ 4t
ELASL?45
EL45124&
ELASL247
ELAS12LR
ELASL 245
FLAS1250
ELASL2SL
ELast252
ELAS1252
ELASYZ 5%
FLASLZ5S
ELAS1254
FLAS1257
ELAS1258
FLASLZ259
ELASIZE0
ELASLZ261
ELAS1262
EL&5124A3
ELAS1284
FLASLZAS
ELASIZ24b
FLAS] 267
FLASIZ4E
ELaS1zag
ELASL1ZTO
ELASLZTL
ELAS12792
EL251273
FLASi274
ELASLETS
ELARLIZTL
FLASLZTT
FLAS1ZTR
ELASI P79
FLAS1ZA0
ELASLER]
ELAS1282
FLAS1ZR3
ELAS1Z2a4
ELASL2AT
ELAS1ZRA
ELAS12AT
ELAS12RE
FLAS1ZAY
EL&E1240
EL&5129]
ELASI292
FLANtZ293
ELARIZG4G

1308 FORMAT (¢ /7 /74X, SOHMOMENT RF [NERTIA TVPES ASOUT FIAST PHINGCIPAL AXELASLIZOS

LES/A1S0I94EL5.5,44%00)
€209 IF 1IMMZ)  300.6206,4500
G200 READ THPUT TAPE S5.200L. (LDUMTI1DUMHY I T+1O00, I=1, [MMZ}
DO 6700 I=L.IMm2
IF {{DUMIT)1-11 3U0.6600,300
&6U0 ICIZI=IRTIZ+T
BACICIZN y=DUNMY{[+100)
&TU0 CONTINUE
IF {INP-L) 5208,6800.5800
GO0 WRITE BUTFUT TAPE 61309, 11,NUMRY( 1+300Y,1=1, THMEY

ELAS1294&
FLa51297
ELASI298
FLAS] 299
FLASIIO0
FLAS1301
ELas1 202
€La51302
ELART 306
FLASL3NS

120% FORMAT (/774X SLHMOMENT OF YNERTIA TYPES ARDUT SECOND PRINCIPAL AFLAS130A

IS/ (5(I5,F15.5,4K10 )
&zud 1F [IMF1) 300,830,7000
TOUG READ INPUT TAPE 5,2001, LIGUMIT),DUMMY 141000 T=1,THF]
a0 7200 I=1.IWF]|
IF TIDUMITY~-1) 300,7100.300
Fip0 ICFIT=1CFI+]
AALICFILIY=0UMMY LT +100 |
7200 LONTINUE
IF 1INP-1) B30,7300,73200
FA00 WRITE OUTRPYUT TAPE &, 03107 [ DUMMY (141001, 1=1,INMFT)

ELAS130T
FLASTIANR
ELAS]309
FLAST3LO
ELaS1311
ELaSI312
ELAS1323
FLARTALY
FLASL215
ELAS1ALSG

1210 FORMAT (////4X.35HANGLE TYOES DEFINING FRINCIPAL AXFS//IS{15.EL5.5ELA51217

LegX1}
2001 FORMAT (HiIZ,F8.9))
READ IM AND PRINT OUT NUGAL COORDINATES

£LASL3LE
FLAS12109
FLAS1320

B302 FORMAT 11H1,50%, LTHNODAL COORCYINAVES//472 [5H MODE 5%, LHX«1uX LMYy FILAST1321

L1648 0HE 19X/ /2115, 3E15.5.10%1)
H30 IF [ICOR) B311.B31,58311
8311 CALL CORG
66 TO 5810
31 CaLl COOR
IF I11ERR} 300.,5810,300
5410 Ik {INF-1) 5850,2519,2519
259 L=0
NTP=IN
8010 1F IL+100G0-NIP) 4015,2020,902¢
ante

G0 TQ 9a2s

JUED IN=NTP-L

Y075 00 SA00 E=1.1IMN
IXXI=[XK+]
IN¥I=I¥¥a]
12Z1=12¢+7
DUMHYIT1=88( XK}

114

FLASE32Z
ELA51223
ELASL1324
EI A51325
FLASL326
ELAS1327
ELAS)3?8B
FLAS1229
ELASL 330
FLAS133]
ELASLI2Z
EL&S1333
FLASLI24
FLAST133S
rLASLIAS
FLAG123T
FLASL338
FLAS133Y

5400

qui0

28494

17

3000
3100

300
3170
3142

pw}

104
317

EIN.|
E3L
3au
EFs )

A2z
323
EFL]
EFEY

1758
1780

1763

172
175
1751
1750

1752

1703
1724

1i56

ih7

44
4l
3165

13

3161
3le2

214k

3163
C

Suul

anz3
C

Tun

DUMMY (1+1000)=a4117Y]} ELAST340
DUMMY ( E+2000}=AA (12211 #ZGER FLEST34)
CONTENUE ELAS1342
HWRITE OUTPUT TAPE &£.,83302, [ DUMNY{T 1 DUMHY {1+ 100D DUMMY I [+2000),1ELa81343
T3y, N1 FLAS 1344
L=L+1000 ELa5 1346
IF IL-NTP1 Q010.9030,9030 ELn5i3an
L=NTP ELASL3LT
PREPARE VECTORS WECESSARY FOR IMPUSING ROUNDARY CONDITIONS ELA5L3a8
no & T=1,1KD ELAS| 349
1B01=180+1 ELAG1350
B+ ELASI25]
11ci=11c+1 ELAS1352
EL&51353

EL&51354

Aa(T11C1)=1, FLAS1355
IF I1BN) 300,58604317 FLAS1356
KREAD TN BOUNDARY COMDITIONS FLAS1357
Lao ELASL3SH
IBRR=1 EL451359
HTP=1BH ELASL 360
IF {L+1000-NTP] 3100.2200.3200 FLAS1361
1EN=1000 ELAS1362
Gu B 3170 ELASIIAD
THM=NT P~ ELRS) 364
1F CIBUN} 3172,3171.23172 ELAS1365E
CaLL BUNG ELRSL 366
GO TO 3173 ELAS1367
READ INPUT TAPE 5,102, [10URCT}, IDUMII+10C0T ¢ IDUMI[+2000) , IDUMI [+30ELAS 368
T0GY, DUMMY {1 +40001 i=l, IRN] FLAST 269
FORMAT (5414, 10, 14,11 4FA.50) FLAS13TD
no 441 {=%,1AN ELAS1371
KCO=101M(1+1000) ELASLIT2
RCR=TDUM(1+3000) ELASIAT:Z
IF IKCR-IDEGI 318,319,300 FLASI3TS
IF {KCR} 300,300,319 FLASLIATS
IF {KCR-1DEG) 320,321,300 EL48137e
IF (KCQ) 300,300,321 ELAS1377
HO=T0UMIT) FLASI3TR
NR=I1DUMI1+20001 ELASLITS
IF (NQ-IN} 322,323,300 ELAS1380
IF (NQ) 300,200,223 ELASL3RI
T1F (NR=IN) 324,325,300 ELAS128Z
IF (NR) 300,3004375 ELAR]3R3
FI=IDEGEIND-1 14KCO ELASTIAL
JI=TDEGHINA-1I+KCR FLASI 3RS
IBUL=IBU+] 1 ELAS13R&
ITICI=11C+[] ELASL38T
N=TA(IBOlY FLAS1338
G0 O 172 FLASI3RY
FF tMERL 38Y,17VS5T,1758 ELAS1390
IACLBDI 1=44 ELASL39]
GO TO 44 ELAS192
IF (N-1000011759,1760.1760 ELAS1393
1B0J=1B0+J4 ELAS1394
IF (IACIBOJI#1Y 357,1763,357 FLAS| 395
IACLBDJ I=-1000D- 1] ELAS1398
T1Cd=11C+4J ELAS]13597
ABLEICS 1=DUMMY (1 +60003 ELASL3YH
GO TO &4l ELAS1399
1R =1BO+J FLASI4O0
TF LTACIBOJI+L) 357, 1781.257 EFLAS1401
PRON= 180+N ELRAS 1402
IF (JAUEBOMI+LI 357,1762,257 ELAS1a03
LICN=LIC+N ELASL&DG
TALIRNNI=-3000D-11 FLAS160S
AAITIENI=2ALITCI)Y ELASL4D6
A8IFICTN=0, ELAS) 0T
ER{IBOJ)=TA{IBON? EL8S140K
T1Cd=11C+ad ELASLoOY
AR CITCS ) =DUMMY (T +40001 ELASI41D
LA IR0 )1=10000 ELASL&1]
GO TO 443 FLAS}ALZ
IF (I1=JJ) 176,175,174 ELASL4]12
IF IN] LT51435741752 ELAS &A1&
IF tM+]) 35T,1750,175 ELAEL415
ragignry=o ELASY4ALA
G0 TO 44 ELASLLY
Ia{iBO0)=10000+11 FLAS141B
GO TO &4 ELASLG1Y
LE IN-1ODOC )1 754,1752,357 ELAR1420
TRON=1BO+N ELA514321
TF LEAIIBON)+1} 357,1756.357 ELAS1432
TalFeQrr=10000+11 ELAS14Z3
TICK=1IC+N ELAS1aZ4
AALEICM)Y=AALTLCTY ELAS1425
{ACIRON) =-10000-1{1 ELASI4Z6
GO 10 44 ELAS 1427
IBERR[IERR)=I ELASL42E
1BRK T IHRR] FLASL&ZS
GU T 443 ELAS1420
AATIECTY=0UMMY (] +4000) FLAST43)
CONTINLE ELASLG3]
L=L+1000 FLAS1433
IF [L=-NTF} 3000.31lé6.216 ELAS1A24
IBN=NTI FLAS1435
18RA=1RRA-1 FLASL&38
LE IIBRR) 3161.5860,316} ELASYA3T
HRITE OUTPUT TAPE &.31562 FLASL&3R
FORMATIIHI «Y1THTHE FOLLOWING DISFLACEMENT BOUKNARY CONDITIONIS) CAELAS1439
TUSEIS 1 MURE THAN DNE MULTIFLE COMNECTION FOR THE UNKNOWN{S)./ ELAS1440
Z1BH THEY &RE [GNORED. ) FLASl 4]
nn 3163 I=1.1RRA FLASLGAZ
J=1BERR{I] FLAS1443
HRITE UUTPUT TAPE 633164 IDUMEJ), TOUM(S+1000) ¢ IDUMITI+20000 . TDUM{ISELAS ] 644
130001 2DUMMY ( J+6000) ELAS1445
EQOMAT 418,07 %a55 EEAS1448
CONTINYE ELAST44T
READ IN AND PRINT OUT MES\ TNPOLOGY &ND ELEMFNT TYRES ELASLGad
IF LINP-1) 7717,7523,252% FLASY 44T
WRITE OHTPUT TAPE 6,795 ELAST RS0
PRINT OUT THE HEADL INE FLASY4SL

FURMAT t1H1,23X, 13HMESH TNPOLOGY +62% ZPHFLIMENT PROPERTY TYPES///&6FLAS1452
BH EL NO,SH 4HND=T,5H NO=Z44511 Ki=3,5H MR=4,5K MD=5%,5H ND-&,5H ND=-7.ELAS1453
25H MO-8, 11X AHELMT, 5H PRES,5H MTRL,5H THCK.SH DTHP,.BH TGNV .5H TGDZELASLGY4
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Tr17
Twua

Tvug

i

5pus

FU00
Twog

4b
4b1

LT
423

4b
asl

LT3
G52

4yl

a1
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2310
Sabl

8000
aiun

azon
1211
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Eras
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329
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Table VIi-1 {contd)

cLT=0.
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39K AREASH 1=XX,bH [=¥¥,60 1=Z2.5H FI-Yi/} ELAST45S
IE (IMES) 7908,7y09, 7908 FLASLARE 231t
CALL MESG FLAS1457 121
60 T 79 FLASLGRR
CALL MEST FLASL458 420
IF [1ERAY 3DR, 79,300 FLASY QRGO 252
DO %000 M=1,IT FLAS146A1
CALL TORD ELASI 442
1F LIMP=1} 9000,5895,5895 ELES 1563
WRITE DUTPUT TAPE 557959 ¢Mu(NIT) 151 81 1ELTJPRS, IMFT.ITIC ITFM  FLASLAA4
Ly dSDY (JSOT ¢ JARE ¢ JMMX 4 JMMY y JHMZ L THF | FLAS14RS
CINTINUE FLAS) GG geuz
FORMAT (16,44,81%,10%,2215) FLAS|4AT
CALL SAeT FLASIAAR
!L=1 FLAS146G
DU 461 R=141N ELAS1470
IK=ISIRIK} ELaSlaTl
[KD=11K~1)#IDEG FLASLETZ
B0 46 J=1,1DEG FLASL4TD
[=1tn+y FLASLGT4
I1EBI=|Ba+] ELASL4TS
1BAT= RO+ ELASLATS
N=74{|BOY} EL&R14T? 5203
LE INI 45,460,446 FLASL47R
TF [N#1) 451,452,496 FLASL4TY
TACIRGT)I==T] FLARLGHRO Bzl
GD 10 453 FLAST4R1 8zul
TaCIBRII=IT ELAS)4RZ
TI=1%+1 ELAS14R]
CONTINUE ELASL4A4 2511
CONTINLE FLASL4RS 2z20
15UM=]}-1 FLASLLAY
DU 47 [=1,]ND FLASY4RT Bzu4
10DI=1R0+1 ELASL4RR 4
N=1A{IBOL1 FLAST4R9
IF (M) 47,47,48 EL451490
IF (N-10000 4R, 442,487 ELAS1a9]
IBHIEND+] ELAS1492 34
TALEBBI])==1ND] FLAST4Y3 353
GN 10 41 FLAS1494
IRRN=1BB+H FLAST49Y
1BRI=188+1 FLAS] 496 354
IA(IBBIT=1A(IBBN) FLAS147
CONTINUE FLASL4GA
READ (M EXTERNAL CONCENTRATRD LOADS ELA51499
HO 2310 1=1,1KD FLASLS00 5555
TREFI=IDEF+I FLASTS0
DUMMY (1440001 =0. FLASLGRZ
AACIDEFTI=G. EL451503 331
ILF U1}y  30D,H20,5450 FL&SYAGA
L=0 FLASLISNS
NTR=1P FLASISOH
1F (L+1000-NFP} B10C.A200,8200 ELRS1507
1P=1000 FLaSIRNg
GU TD 1211 ELAS1500 Lobd
TP=NTP-L FLasL610
READ INBFIFT FAPE 5,121, CTOUMTE) HIUMEL+10DO)«DUMMY LI+2000} 5121 P) FLASIS1L sah s
ng 2311 I<1.1P FLALLS1?
NB=1OUM(T] FILASIS13 146
KLQelDUMIL+1000} FLASLSLS
1F {KLG-IDFG) 326,327,300 EL8S1515 2600
1F {XCQ) 300,300,327 FLASLSLA 257
IF {~Q@-IN} 328,329,300 FLARLSLT 3321
1F (HO) 300,300.329 EL&S151s 2322
J=INEGH{MD=1]+KLQ FLAE1S1Y 3N
IDEFJ=IDEF+d FLASIS?D 5665
A8 LTNEFJI=DURNY LT 620001 FLAS1SZ
1BBJ=1B&+] ELas)522
IB=T4118BJ) FLAS1S?3
. ae
Table VII-2. Source program listing of
LARFL 10
M £ L akmiin
SURBRBUTINE ARAN F1ARNADL
HELAHFLS MESII POINTS FrARMan?
IVEMENSTON J&CL) AATLY REMEDT KT TLO YL DO 0001, [DUHISONR) iRy FTARNDDY Tiza
L. PURa ) UH (24 XA, YER)LZUKI L KHET I YT a7 ) cRUBMY 12T, 9) F1aUNANG
240211211, 5010-61(1) F14aN003
COMMOMN T2, A4 FiaRNONG brag
EQUIVALENCE (FA,A%),(RAL SY0OT, DUMKY | F1ARRODT
EQUIVALENCE (DUMMY  INUM L MT L AIMb Y o [DUMMY L)L) S REM] EPARMODR
EOUIVALTNCE C1RTT b a NI iTALZ I IRNE  (HA03] ITH  [TALAN KR (TALS) . FITAKNDOR
TIPHS) » TALAY L TTYPE L, fIACTEEMAT T dTALS) L IRFGT. (LIRS THX) L ITATLIO],FLARNMIO 1140
PIHIATLACLTI IR CTALLZEaTMEN D I TAILS], IMMY L (T4414), [MMZ ), (147151 FTARNDLL
LIMFIIw 118 E1E) 2 IARFI L LTACTP NPT L1 ALZS oMb [ATRAY, LTY ), 118127} F1AANOL2
AlSTRY o LIALZHY A TELT) CIATZS o ITEM, ( JA(ID},ITIC) EIALTITLIMET), Flakupl3 1150
W TA(3Z] 50BN (TATAZ 1 LMD, T1AL34)  TMSE, [1AC3EY, TR (TAI3Y), E1ANNGL G
ATIRD) - DTACIAY L TURD ) o LIAE 340 ATEL Fa b 181500, 3T . t180511.07), F1ARNALS 1160
FLLALE2 o3 e LTALST) g da)  LTATSLT, 251, (IA1GG) a0, (1al5A) T, (TRISTFLARNCYA 1140
1 dBY - DTAERE)  UTY Y, CTALSS) LRI 1 1ALRUN IR ETACELI, TINY L {TALE2 ) FIARNDLT
G1IA A LLAL63), 0T ) (TALE6110Y) ITAIAS], TR 13ATLLI,1TAR) El8KNELR
FOUTYALEMLE (ZA(a0) ILAR I (TACATILICTEI LIATEOH) S ICITI Q1M 69}, FLARKD LD Yo
LICIZ s L IRETO N TCF Y LIALTEN RN LIALT2Y (Y Pt A TA) 1220, FLARNDRO
SLIAIT4 y FIE e DIACTOF IDEF L i TACTRYA ISTI CIACTTY 115 FLARNDDY 1140
A, 0LATTAY L IGEH] W CTATTY) g JFRRY <1 AATBO) (TR ) (AA(RL) L DT]L{AATAZ] NG, EVARNDZY
LIARTAIIVBLT) o {AAIBGYJALZ T (AATAST AL, (AALAG] NP1 1AATIOT)P]s  FIARNAZS
SLAA{EBT VI FARLISS o X1 (AATTAZIT) (AAILTLY. 20 (2A01TSI X0, FLARNDZ G
FLAALLBO) 1D - fAA0TS3 ) NI LAAITS IS L [ARIG0)  2GEM) Flaknnzs
T, ARG IRR Y LA (431 EPIIG) y (AA (&L o JEFN] L TARLES) JLINS]T . [AALSR) (JUF] 8RNDRG 1210
B LAALTGT G (ARLAR) 6F) T RALAS) &) Flafng2 Y 1220
EQUIVALENCE (1AL39), 1SHUR  (TRI3DY . ISIRY F]AERMOPH 1230
FOUTVALENEE (AAL3021MI ), (AAT303].MX}, (AR0INSTy 110 (AALIDSY, 1P FLARNOZ Y 1240
EOUIVALENCE [AHLIM) IRHC 1 LARIN, [BAKDY TLAKRNN3D 1250
AIMENSIT BB IADO0 ). IHANDIKOOC !, [SIR{HA0] INAX{S40]  IMINISA0) . FLARNATL 1260
LAPEMS40,15) I5IRT{5401 F1ARND3Z 1270
EOUTUALENCE {PIMMY BTN, OILMMY LHID0) L ISIR] « DUMMY ASL0), IMAX],  F LARND33 1240
VODURMY U9 TBU ) THINY o TRUEMY EA&40Y  TSIRTY F1RRKO3A
F1ARNOAG

TICJ=T1C+J FLAST 574
DUMMY { [R+4ONCH) =DUMMAY [ [B+4000 ) + A8 0 TT0AI%DUMMY ([ +200G) FLASIS?S
FORMAT 15014, 11.EXL.51) ELARTS2A
PRIMT OUT UTSPLACEMENT AWD FORCF BORINDARY COMNITIONS FLAS1627
IF (INE-L) 2920.2521,2521 FLASLSZA
N0 8201 d=1.1DFG ELASLG2Y
1A J=T80+)-1 FLASLRAG
1BBJ=TBB+J-1 FLAN143Y
TICJ=1IC+J-1 FLASLSTZ
IDEFJ= IDEF+]-1 ELAS]1G33
WRITE OUTPUT TAPE 6.B207.J FLAS] 534

FORMAT 1M1, 30X.55HFORCE AND DISPLACENFNT BOUNMDAAY COMDITINNS IN NFLaS1635
THECTION, §5577215H NDDEsTXo LHPy 125, AHTAIL AX . AHTBH g 6X e THO 4 LBXD /71 FLASLS38
nn R263 1=1,)K0,INEG FLASISIT
JRNT=1R7LI+] ELASTS3H
FLESL1RIT

ELaS 1540

IDEFI=TUEFJ+L FLBS G4l
K=l 1DEG+! FLASIS62
DUMMY (K] =RALIDEFI) FLAS) 543
IDUHMIK+100D ) =1ATTRH] ) FLAR|S44
IDUM(K+2000}=14(IR0]) FLBSLG4G
DUMMY (K+3000) =AACT(CT) FLAS L5646
WRITE DUTPUT TAPE &5B2L6, | K NUMMY K ), INUMIK+P0O0) , IDUMIK+I000 ). FLAS154T
10UMMY (K+3000) K=141N) ELASLSGR
FOAMAT ({2116, Rl6,4,2]17,FL5.4,10%1}} FLAS1R4Y
CONTINUE ELaSBAC
L=L+1000 FLASLHSL
IF {L-NTP 1 B0G00,2517.2517 FLAL1562
Ip=NTE ELASLGSD
DI B2G& I=1,1NR FLAS1554
IDEFT=T0EF+T FL&SL553
AATTREF | =DUMMY (] +40001) FLASI554
COMPUTE THMPNRTANT CONSTANTS FLA3L597
157=TU+ [SUM| FLAS1553
LEST=15T-9000 FLAS1S59
IF {LIST) 353.35%.354 FLAS1960
WRETE OUTPUT TARE &,35%3,L1ST FLAS1G4L

FOAMAT 16X » 16HDUMAY AREA (IWFELAPS COMMON AREA RBY. 1A, 16H NECTHMAL LELASLGAZ

JOCATIONS . F5X,ATH RECAMPILE BY CHANGING THF ERIIVALEMCES {IF DUMKY AFLASISSE3

2ND BR IN LINKS L AND 3, RESPFCTIVELY.! KLAS S5A4
CALL TICK (ITIM) FLAZ1945
CLT=1TIm FLARLRAA
CLT=C1T/60, FLASIEET
WRITE QUTPUT TAPE 5,5565,01T ELASLSA8
FORMATI 16H INPUT LIN® TNOK,FT7.2.10H SECONDS .} FlAR15AHT
HEA IMPUT TAPE S.2A0U.TEST FLASTSTO
TF LTNP-11} 337,332,331 FLASISTY
HB1=XLOCFI4A¢11} FLASLST2
NEZ=XLUCF (AntTIn+1 1) FLASEST3
NB3=XLDCE (At J3T+1)) FLASLRTA
NCI=NBE~N&2Z FLASIHTS
MC3=NHI-NAS FLASTSTH
WRIIE OUTPIT [APE fub6E6. 014 1A01)51=1.KCT) ELASISTT
FIRMAT (LH1,RHIA BLOCK//12014)) ELARLISTS
HRITE OHTPUT TAPE A hABT, 11,480 10,1=1,4N3) FLASISTY
FURMAT ULHLy HHAR BLOCKZZ 15 1 1AELY, Fa3X 1) FLAZ1GAN
IF [1ERR) 348,332,234k FLASISRL
REAIL INFUT TAPE 5¢7BUN41FS] FLAS16HZ
IF {TEST-CTFS ] 344,270 44 FLASLSRE
FUORMAT (77%,43) FLANLGHG
IF {1tX=1) 300,332]1,.3322 ELAS]SRY
60 TO 2700 ELAS1SAAK
CALL CHAIN [2.1TAF} ELARIAHT
WRLTE OUTPUT TAPE &.6A6S ELARLSAA
FORMAT tTHI.12H TMPUT FRROM FLASISRY
IFAR=1 FLASIASD
GO T 331 FLASTS91
END FLASLS92
+ .
subroutine ARAN (Link 1)
NEP=2 FEAKNL L&
WaQhR+] TIAUNTLS
1=HBG F1ARKML1G
Gik 10E 1130 FLARMITT
HEP=] FLARMLLA
NEN=hEN=1 FIAUNTLY
1=NEQ FLARNLZO
1B=1+1 F1ARN1Z1
1= IMAXU T I=1MAKCTEY E]ARKLP?
IL=IHIMELI—IM R T FLARMI?3
IM 5G] 11460,1150,11%0 FLARMLZS
HEM=Mex{ 1] FIARNTZS
MY |[MAX(IP} E1AKNLZ 6
G TU 1140 rrawnnzt
HEMSTMAX TR E1ARN]I 2R
MEsIMAL ] FIARN] Y
TF LiL) 1140, 1LK0,1K0 F1ARNL3D
MINSTHINLIRY [RECINES
MI=IMINL]) FTARM] A2
GO TO 1190 F1amN| 13
HIM=THINE L} FrARML 36
mi=lmingibg FLARNT 2R
ENEARESRRET-EI} FlaRN]1 34
ACHI=ARING IRy LI} FinaRN3Y
Bl I1=2a%000-11 FTAKNL3A
TIP-LERINIACH IRETY +1ARNT 3T
IF (I1e)y 1270.1210,1270 EYARNL 4O
PR (IMINiEDY-T} 1220,1230,1220 FiaRN] 4L
IF AIMINDIPY=1P) 124G.1730.1240 FlarNl &P
IL=Ti+1 F1ARNLGH
IF (IMAKEL)—1) 12500176041 250 F1ANRML &4
IF ITMAKCIRI—IP) L1270, 1260, 1270 FIARNT &S
G=10+1 E18FNLGS
IF C1G+#1L] LYLU. 22K LaH Flalnlet
NiL=D FLARNL4p
NZG=0 FrARNI&G
DooL30G J=14 1IN F1aRNY &0

115
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Table V11-2 (contd)

XSAP=0, FLARNODG (L]
XH- 1N FLARNGST
NCYCL=D FLARNO AR 12490
HOYCR=TN 10+3 £1ARNNIS
ISURP=ISIR+L E18RNO40
1CYCL=—L FYARNO4GY
IF TESHUF~1Y 90490410 FTARNOLZ
REAM TREUT TARE 5.1,f1SIRI1]E=laIN] Glannal
FORMAT (2814} FLERND&A 1243
Do 20 I=1,IM FlaRn04ab 1aby
IsIeTtl=1 F1RRNOGE
mi=1 FLARNDAT
Mi=in F1ARNNGA 1297
o 80 Iely 1N F1ARNDLY L&u0
no 23 1P=I.IN FlARKDSN 1440
IF tISIR{TI-FSIRTIIRY] 23,24.73 FlARNDSL 121%
LUNTINUE FLARNDRZ Leza
G0 TO 31D0 E1ARNGAD
IF (I-1F) 2%,R0.25 FLARNNS 1430
ISIRTUIPI=ISIATIT) EVARNDSS
CALL EXCH F1ARNDSA
CUNTENUE E1ARNDST
DOOTDU I=kylm FLARNOGA
TNIMLI =D FLARNDSD
TMAX{ 11 D) FLaRNORD 1445
ui 700 Il b ELARMDAL Laaid
no 400 J=1.150R F}ARHDAT JEX]
ACH=RBIN{T .0} T1ARNDAD 1450
DU 30U JB=l.24 FLERNIIAG 1440
IT (LFBINCALHGLIHI] 470,300,420 ELAUNILS 1%HD
COMTINUE F1eKNO6A
CONTIRUE FIaAND&T
GO 70 2100 £ LrpO6E
IPENITY=367 1 0=L)+ IR FlARNOAT
AL=iSURP—J FLARROTI
1 AR d=1 .00 FLAKNDTE 1650
JRT=ESURP= F1ARNT? 1690
ACH=ERINIE.JE]] FlLARMOT2 lab0
00 500 JR=1,326 FLARM(T4 1ba0
JEC=36-JB+1 F1aRNOTS 1a/d
T (LEAINIACH,RC)) A70.500,620 F1ERNDTA 16u0
CONT WU F1ARMOTT 1690
CONTINE FLARNATH lilo
Gt TN ALon FLAuNOTIG 1740
IMARLE I =Sa%0H] -0 1 F1ARNORA
CUNT IRUE F1aRMDAL
IF {15HOF-1] 2010,750,750 FLARNNRZ
CaLl TICk HITIM) F1aRNOAZ
CRT=1TIN F1ARNORY
TEOTINP-I) 11061100, A0 ELARNORS
Call Dutet F1ARNDRA
NED=D FLARNOAT 1tan
FLARNOARA 17ag
FLARNDAG 11wl
AR 4 Wi | FLARNORO
HSA=IN-IMAXIT) F1ARMOSL
TWARP=TMAXL]] E]&RHND2
AMAXE= | HAKH F1ARNDG3 1660
00 1105 1=2.08 FLAa’MNa4
TE CIMAX(T)=1RAXP]  1105,1105,1102 FLANROGE Lfsn
THAXP=TMAX{]Y Flapnios tiun
ARAKPE ] MAKP F1RRNOOT
REA=ASA+XN=XMAXH FLARNMIGE Lslo
IF (X5A-X5AP) 11U LlUB. I LOT F1AKNOYY 1520
NEYCL=NCYEL+] F1ARNLOD
PF {MEYCL-NCYCN] 1108, 1108, 1989 Fi8RNLAT 1e3n
AHAP=XER TIARNINZ 1ya0
NLYCL=0 FLARNINT
CALL TICK (1TIM) FLARNLOG
F1ARNIDG
F1ARNIDG 146430
Flaen1n? pET
CLT=CLT+100. F1aRN DR 1910
WRITE DUTEHT TARF Ay 30 CNTICYCLLXSA FlaRN10Y el
IF [CHT-100.1 1170,11168,1111 F1akNI LD 1440
FINEH 3,1 TSTRITI- 121,180 ETARNITI 19460
FORMAT {3H AT.F7427,19H SEC. ©F RELAAFLING.16575H INTERCHANGES ROKEF1ARNT L2 14nb
UPPER DFE-MANE ELEMENT CORST 1E SESH TORILOGY MATLTE [5.60,0) FIAaRny]113 14940
Li=184+ £1aRn]q) ERDES
e 11d=1N) 1290.1230,1310 FlLapgmw) 62
TF ETMINE R =% M) 1300, 1300, 1520 1 1ARNTSS
CONT TNUE FUBRNY %S
Pidh=1M F1aRN] S5 2uln
G o 1330 FlOLN]SA
MMM=TMIR L)) =1 F1aupl 67
PO 1350 g=l.ih FIARNISH
AI=l-u F1AKNE A zn4n
TF 4JI=10 1360,1380,1 %40 F1AKM] R 2Hun
TF [IMAKTJEN-MER] L36%, 1550, L3490 Flaknlnel
CONT INDE FLARM &Y 2300
EETGES] FLALN] £ 3uuQ
GO Tiv 1370 FIAGM] A0 KYEED]
MEH=LMAXLL )+ AR AL =
LF [huN-AIM) 1410.137%,1375 L AWH] B
TF (MNM=T] 3390, 13K, 33N Flawnl At

Table VII-3. Source program listing of

MMM =T

GG TO 1370

N0 1400 J=HMEM.MNN
dd=tg-10730
JUP=Ja+)
ACH=ABINIY Jak)
JRIT=J=-3a%J)

TF [LEWINCALH AT}y 139501393, 1305
NIG=NEG+HL

ACH=ARINLIP,JJP)

JAT = =303 ]

IF ULERINGACH,JRITHI LanC,13497,Len0
NILSNZIL+1

CONTILNUE

IE {MXB-MNM] J415,14]5, 1400

IF {#xB=IP) L&20,1420,.1420

MXB=|p+]

GU TO 1410

U Y o4ai) I=MXH MXM

d= L= /30641
ACH=ABIN(T,00)
RCH=ABIN(IP, Ja}
JHIT=Jd-36=(JJ-1)

1F [LEBINIACH JAIT) }
NEL=NZL s 1

IF ILEBIN{RCH. JAIT)I
MZIGHIG+]
CONMTINUE

IF [MZG-NZL}
ICYCL=InYCL+Y
CALL EXCM
NCH=T3IR{F]
ISIR(II=ISIR(IP}

L5IKI TP I=NLH

IF LTiRL 1720,1430.,1720

IF I IMEX(IP)—IP) L&GC,1R4A0, 1450
IMax(IPi=1MaXLIPI-1

14at, 06345, 1440

Lab0, 1665, 1400

U109 1aED

IF 11AAXtII-T1 L1670, Lb6U1670
IHAXTTI=TMAXT R +L
TF LIMIKET}-T1 1490,14B0,1490

IMINCII=TMINC]}*)

IF (ialMeEe)=1p) 172007101720
TRINCIFI=IMINTIP =1

MOH=FTHAX (I}

TMAX L} I=TMAXLEP)

IMAXTIPI=NCH

NCH=1MIMEE

THINITy=TMINI IR}

IHINCYPI=RCE

DE19GU JsMl My

TF tei=2i=tIP=d)1 1740,1900.,1740
I fd=1] 1B10,34900,1750
IF (lmIN{J}=1] LTHO,1T60.1T8C

JIsta-11436+1
ACH=ABINC(] cJ 4]
JRIT=)=36% 0011}

IF (LEBRINTACH, JNIT) )
TMINI b =1HINITIT 4]
LU TU 1900

IF CIMINGII-1RT 1900, 1740, 1200
IMiNTdI=IMINT -2

G} TN 1900

IF tIMAX{J]1-1) 1ARI0,IAZ0,15830
IMAXT ) =TMAXI.J)+]

GO TO 1900

IF f1maxip=-181
Jd=J=11/3hR+1
ACH=AHIMLIP, 1Y)
JRET=d-3b&00-1
IF TLERINTACH, NI T )
IMEX () =TMAX L) ]=1]
CONTINUE

1F INBA-NEQ) 1950.,1970,1970
G TO tIL10.E22001.NFP

IF ANCMY 100, 19A0.1100
CONTINIE
1€ (InP=-11
CALL LUTPF
CALL HICK{1TIMY

CRTI=-FTTM

CRT={CNT=CHT /80,

WRITE DUTPUT TaFE aA.3.0NMT.TLYCL, XS54
MEQ=TIN-1

00 2100 I=l.NEG

FP=l«}

10 FITMAX IR d—ImAXCTERY 2030, 2100, 2200
THAXT ¥ 1=THAX(T}

LIMTINUE

TF {ISKUF=-11 3N00,2300,2300

PUEH T CISIRET badMEKI T v ln ke IM)
RETUBN
HRITE

19N 1T, 1980

La900,1550, 10

19001050, 1500

20052005, 1990

MUTRUT TARF by44 1

FORMAT (10H THE POINTLI5,334 DOES nOT 6FPFAR [N MFSH TAPNLAGY}
GO TD 30400
Etiy

subrouting BUNG (Link 1)

- LaBEL

CE1HUNG F1RIMGOD
SUBRDUTINE BUNG 13 LR TR

[ DuMMY SUBROUTINE FOR HBOUNDARY CONRITINM GENERATOR T TRUKRGNZ
RETLRN F1RUNGNS
END FLRUNEO A

JPL TECHNICAL REPORT

FLARNY AR
VISP
FIARNLTR
Flafn1y)
FIARNY T2
FLAaAmMYI 73
F1AKN]Ta
FLARNLTS
F1ARNITS
FLaRMLTT
ELARNITA
FLARNL TS
E1aRMYAN
Fl8RN1 &)
F1ARN1R2
FLRRMIRZ
FIARNT A4
FlERNTRS
B ELLYET
Flaany A7
Flarniag
F1AANT RS
FlARNIGR
F1ARNTS]
Flariloz
FLAKNLGS
FlagN}g9L
F18RN1 95
F1ARKN19AL
EL&RMIST
El4RN1OE
F1ARNLSY
FIARNZNO
E]1&RNZ O
FLARMZE
ELBRNZ 03
F1ARNZDA
E1ARN2DS
F1ARNZGH
FLERNZOT
ELARNZAR
£1 /RN DY
FIARNZIO
EI4RNZTL
FYaRNZ)2
E14RM213
FLAUNZ IS
FIARNZ1S
F1aRNZ1b6
ELARNZYT?
FLARNZLE
FIARNP14
E1BRNZ 2O
FLARNZ2 L
E18KRNZ2E
L1ARNZ 23
FLARMP P&
EIARNZ?S
FLARNZAS
Fiaku22?
ELAUND2E
F1ARNZ?9
FLARMNZ AT
FTARNZ 3]
FLARNZ3Z
Elarnzaz
ELARNZ 34
F1ARNZ A9
E1ARN2 26
CVARNZZY
Fl&ANZ 38
FlARRZ29
FlARNZ &0
ElLARNZAL
FIARNZ &2
FLAANZAT
ELARM2 &8
ELARNPES
F1ARNZ4h
FlaRnPaT
ELORN2GE
Flaanpay
FLAKNA SO
FLANAS ]
FLARNZ b2
FLARNZRS
FLBRNZ R4
ELARNPES
FLERM? BE
EIAUNRST
FLARK? 58
FLARNZSS
EVARNI 61
Flamnzal
FIARNZ 7
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Table VII-4. Source program listing of
subroutine COOR (Link 1)

LAREL

Table VII-6. Source program listing of
subroutine EXCH (Link 1)

® = LABFL
CELLOR E1CORDNO CE1EXC FLEXLOND
SUHROUTINE CLNX EICHRNOL SUBRGUTINE EXCH F1EXCOnL
5 READS &WD STORES COORDTRATES F1{nRo07? 3 INTERCHANGES CONSEOUETIVE 4NKS AML CNLUMNE DOF COMMFCTIVITY MATHIY FIEXLOGZ
OIMENSTON 1A(11,8801 1, REMI13) NT(10], DUMHY 150001, IMUMIS000) NIRY  FICHBRNO3Z COMMON Be E1EXCDO?
LaPERGT UV E2a ) XUBI Y IBI,ZOR1 L EDITI YDUTY 20T RUMKY L2 (¢ 5) E1CDRNNY TOUTVALENGE (AAT 90001 &HIN] FlERCNO
240211210 511046111 F1CHRONS EQUIVALFNCE TAAT2023.M1), (3413031 MK) L IAAT20ME, T1, (AAI05), 1) F1EXCONS
COMFUN 18,08 E1CLURO0A DIPENSTON ARTNIS4U,15) FrFECNNg
EOULVALENCE (1A AR, CAAL SO000) . DUMPY | FYnnRoa? JMI={HI=1) 3R+ F1ExCONT
EQUIVALENCE (DUMMY ., [ OUM KT, RUMMY ), (DUMMY {11 ) 4REM] ELLMNRQDS SMK= {RR=1) #3061 FIFALHOR
EQUIVALENCE [TAILY, NIy (TACZEp IBNI, (I803],IT) 11844}, IP), T IA1S], EIEIMONY N0 100 K=Jml R FLEXCODS
LIPRSY s (1A  ITYPE ), (TAUF 1o IMAT ) 4 1ATST TREGH (1A19], INXE. (18{101,E1CNRATN ACH=ARINII.K) FIEXCALA
ZIHA0TAUIL] 18] (TA(L2), TMMAT L [TALI3)  IMMY Y ( [A(1e) - IMHZ ) {1ATLS}EICOROTL ARINLI KI=ARINIIP 0} FiExCOLL
BIMFLY s LTACYA], TARE N (FACLTIGNET ] o0 TAEPS 1My (1AG263 0 ITY ) I TALZT).FLCARDE2 100 ARINIIP K] =ACH FIEACOL?
ATSTRY, ITAC2AY, IFLT) (1A (29) 1 TEMY A ITAII0 W 1NICTa{ FACRLY A TMET S, EyCnenl3 FESREIRPE AN F1rKCNT 3
STIAC3Z],1SUM) LIAI33)4IND). (TA(341, IME1 (TAIAAIS TS 1TRI3T 1, FICARGY S JR=I~35¢(J=1} FIEALO14
AIORD), [TAL{S8 ) I0RO1) ¢ IEAE39),ACEL e l1ATS0), 0], C1ARLYJ2), L1E0RD1 S JP=(1P=1]/36%] ELFXCO1S
FOIATS2 030 (IA1S3 1, 2, (120547 ,d50. {2056} ,06), LTATSA] 4TI aITAISYEICIROIS JPH=IP-38%{P=11 E1FxCoLE
BYadB)s LLACSHTATY ), LTA(SY] THB L f TACED) S TR O 1AtaL}, 1IN0} LTATAR)LEINCRNLT IE (J-JF) 150,250,150 F1FRCOLT
GI1A)w L LALS3Y, IDT) o {TALAAD, IDY], [1ALES sl IF af[ALal), ITAR) FLOARGLA 120 BU 700 K=M]MX FLFRCOLA
EQUIVRLENCE (TA(65),TCAR) {TAIAT) TCIX ) IIATSHIICIY I (1ALEY), EICHROLY REH=ARTNK J Y ETEXCALY
LICIZ 4t TATTO g ICFIT o IALTL e IXX] (L IAUT2Y A 1YY )2 E LA{TAN 1220 FLLORDAG BCH=AR MK (. P) FIEXEO20
2ETAET6)  LIG) s LIACTS Yo IDFEY 4 LIAI BT IST I TALTT 1118 E1CNRN?] MEHELEB TN {ALH, B
Bt TAL{TB I IGEM I, ITRI?Y)] IFKR 1 LAATRDY  TH) - LAALAL] DT, 140 1R2),05), FICHRDZZ NCT=LEBIN{BCH. JPTU) FIFXCO22
HOARTHI) 4 0L 1 0. (AA(B84), 812} (AATAS) ALY L[AALHANDZT) W IAAILDTYAP),  FICOROP3 CALL SEBTN (ACH.JH.MET) FIFXLO73
STAATIIN UV« [ARTLISS 1 K)o (ARL16) Y1, LAATITL] 21 LARLLTRILANY, F1LOPD2& EALL SEHIN (REH,JPB,BCH) FIEXCOP4
GIAATEGET YD IANCI921 210 4 LAAE250] 5], (84000 Y4ZGFM) FICORNZS ARTNIK,. 1Y =ACH FIEXLOZY
TalAB{GP ) NPy [AATET), IPRG) + TAATGG 1 [PFN I (AA{SS) L CONST, LA814R), [LFXCNROZ A 2u0 ARIMIK  JPI=ROH FIEXCO26
BV LAALAT )L GLN, (G814E) G2 {ARLAY ), 6T} ETCORNET 60 T 460 FIFXCOZT
EOUIVALENCE (J&(349) NTICH, (LA{RAR), ISHT I TAI3ETIESNT) . (JA1348) FICGROZR 230 0O 300 K=M].MX FLEYCO?78
LalSD21(TAI385]  J9 et LAI348), JI0Y, (JA1R3},JPRS) ITAIAAE) £8DT] FICORY P ACH=ABINIK ) FIESCDZY
2. 0TAE3G1 0,802 (1AT340)  JAREDY L [TRT33D]), JkMX ) {1A{I3R], INMY ] FI1LHRD 20 NECH=LERIMIACH JR) F1EKCO30
B, FAL33T ) IPMZ L 1AT3385) JMFT D (TAL3A5), 1TRS I, 1181334} ,1N71 FOCARN 31 NCT=LFRINIACHJPB) F1F¥LO3Y
4. t1A1333, IPRI,(ARE33P, UGY 15 (AAT331I.0025,428{330) . PRES) FILORDT? CALL SFRIN [ACH(J8.NCT] E1FXE077
S41181328),1P1R} FICNRM33 CALL SEREN (ACH,JPB.INCH) FIFRLNDT
IERA=0 E1CNRN34 390 ARINI(K.J)=ACH FIFXCC34
L=g FICDRO3S U0 RETUMM FIFECLN3G
Bar  INTE=IIN-L—1}/2 ERLICIETS END F1EXCO34
INTE=Z=(INIE+L) F1CORD3T
IF CINTE=1000) A23, 834,032 FILOROTA
832 INTE=1000 F1CORN3Y
433 READ [NRUT TRPE 5,102, { INUATI) JOUMMY [ 1418001, IUMAY (F42000) ,PUMMY  F1C0RO40
111+30000, =1 INTE} FLLORNA]
202 FORMAT {(211%.3E12.701 EILH047
1=0 FICHRNALY
B314 1=i+} FICORN4L HY Y H
L bicranes Table VII-7. Source program listing of function LEBIN
8315 IF (IOUR{DY) 360.83La, 8314 RIRITTET .
B3LS IF LIDUMEL b-Lot) 300, 1061, 200 Froomnet and subroutine SEBIN {(Link 1)
Thal L=i+1 FICNRGAR
IXXL=] "5+ FILNR0&ay
EYYL=lvyeL FICORAGD
1Z2L=122+L FlEOmnyl = Fap FILENNOD
sayFRAL I =QUMMY T+ 1000} FINOROG? CALNT 100 F1LEDON)
BALTYYL bsDUMNY {1 +2G00) FI1CNROG LBL ClLLCD FILEDONZ
TF (IGEM-1} 10AZ,1087%,7300 FICNPNSY REM FILFEDONZ
1063 LALIZZLI=RUMMY (123000} FICTIRNSYS & THIS SUBPROGAAM 15 CALLEDRD USING FORTAAN 'SDRROUTINE' CONVEMTIDNS.FLLEONDS
1062 §IF (L=If) B314,3650,300 FICTIEOSA = CALLING SERUENCE IS... FYLFDRNS
SBa0 RE THKN EILMROGT = CALL SEBINUA, 1M FILEDOOS
U0 TERKR=L EICOKNGE Ll WHERE TA'Y TS THT NAME DF A HORD {WARIABLFI. FILEDODT
G TO 5RaN [N AN T * TIYOIS FTM INTEGER SPECIFYING DREEIRED RIT (1-3m) 1M rar, FILFROOA
END FIRDRMRAD = "Nt ]S & FORTRAN INMTEGER ONWF (R ZFRN THNOTCATING THF NFW EILEDDOYG
= Vali OF THE ['TH RIT OF '&t. FILFNOIN
REM FLLEPDT]
FRTRY SFRIN FILEDO12
ENTEY LENTN ELLFNOL3
REM FILEDOL4
EVEM FLLFDDT S
MAL FILFNO A
» N SFBIN  EQU * EiLenont
Tﬂhle VilI-5. SOUI’CG progrom IIS'II‘Ig Of STl NI 1R SAVE INUICATORS ELLEDOLA
SXA SAVAT+Y AND MR L S1LFDO1S
- H L= 144 RESET EILEDO20
subroutine CORG (Link 1) fran 24 A
PDC .l ELLERNZZ
ZET® 3,4 N0 WE SET LR RESFT FILENN?3
il TRA SET SET F1LEDORS
- 3
CELLORG FICRRAAN *;E{i ;;?#F—l RESET ;ﬁiggz?:
SURROUITINE CURG FLEma Gl EVEN EILFO02T
4 [uMKY SUBRDUTINE FOR CIORDINATE GEMF2ATOR ":lllilllltfl‘? SET ns1 TERLE,L e
RE TLRN F:?L&?S: EXIT 5T T4 E1LEDNZS
Enn kb SavKl  AXT v, | F1LEDD 30
Lol IKDK TR FILEOO3L
THA 4ok ELLEDO32
RER FILEDO23
INUKTRE PZt % EILFNDO34
TAWLE PZE a E1LENNTS
HEF FLLEDO3S
DEC 181.1B2,1B3,184.1R5. A6, 1BT, 18R, 189, 1h10, IR1L.1R12 EILENN3T
DEC TH13, 1814, IBY9, 1616, 1B17 4 IB1K. 1R12.IH2D,1BZ1.1B77 FYLEND 3y
DEC THZ31B24.1B25, B2, INZT 1878, 1H?PD, LEI0IA21,1R3IF FILENM3y
NEC 1833,1634, 1835 FILFNGAD
SPACE & FILFDN4Y
L3 A FONCTION SORPAUGRAM. ., Flirone?
* CALLING SEQUENCE 'X=LEBIN(A.I}* FILENA43
= WHERE 'A' 1S THE NAME (F & YaKiaALE E1LEDOGG
= VIt IS A FTH INTEGEA SPECTFYING THE DFSIAED BIT IN 14v,  1LFDO4S
* UM RFTURMN FIN CALLFR THE AL CONTAINS & FURTRAM INTFGFR ELLEDOGA
- ONE NA ZERD DEPIMIHNG ON WHETHEE 11TH BIT OF 'A' T2 ETLENOA4T
3 MNE K ZERME, FILFDN&A
AEM FILENGAT
LFElN  EQU * F1LEOSD
5XA LEBX141 FILENQSL
CaL® 244 THIS BIT FLLENOS2
PBC il F1LFDOS3
CaL® 1.4 F]LFNOSA
ANA TARLF. 1 EILEDOSS
1z LEBY®Y F1LEMMA
CAL fONE E1LENOS 7
LERXT  AXT a1 F1LFDASA
TRA s FILFNN2 S
HEM E1LFN0AD
OMe PIE ot & FORTREN I] 1 FILEDRAL
ENIH FLLENGGZ
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Table VII-8. Source program listing of subroutine MESG (Link 1)

L LanEy

CEIMESG
SURKOUTINF MESG

[ DumMy SUBROUTINE FO8 MESH GENERATOR
KRETHRN
ENLY

F1HFEGGH
FIMESRA]L
FLMFSGAZ
FIMESENG
FIMESROA

Table VII-§. Source program listing of subroutine MEST (Link 1)

® LABEL cu TO A% FIMFS0AS
CEIMES FIMESOOD JK= F1MESARE
SUBROLTINE REST FIMCS00] FIMFSDAT

[ READS AND STDRES MESH TOPULKGY [HATA FIMESDOT E1MESORS
DIMENSION TA(11 AAILIZREMIL3],NTI10, DUMMY(5000), [GUM(ENOO) N8} FIMFSOG3 EIMES0aG
LaP124),UVIZa), X0B1,YIH)  ZOHADITI oYM A1 e DT RUMMY 12759} FIMFSONG FIMFSO 0

24021121 1,5113,6111) FIMESONS FIMESAT
COMMDN 1A, 84 FIATSANG EIMESQT?
EQUIVALENCE (JA,ea),tAAaf 9000}, DHIMKY) FI1HFSOONT FIMFSN73
EQUIVALENCE (DUMMY, IDUM NT (RUMMY |, (DHMMY (L] ] HFM) FlHESONA FIMESOT4
EQUIVALENCE (TATLIoINI XAty THNY G I1AIS1 TT1C1ALG) 1PN TIALS]y FIMESHOD EIMFSATS
TIPRSIy CEAUGE ¢ ITYPE} L{TACTY, IMAT) ITALAY, INEGY. LIAIS I, TNE ) (TALLI01LFIMF 5010 FIMESOTa
ZIH} o {TALTLY, 0B CTACIRT, IMMI, (TACED) ,IMMY ] TAILA) CEMMP T L [TALLE ), FIMESOL] Gl T4 89 E1MESOTT
BIMFIL. (1A036TARE) e CTACLT I NCLI ) V1AI2S oMl CIALZE)Y JITY N I IAIZTI.FIMFSOL1Z 87 Jx=10 FIMESATR
AISTA L. (TA(2E)IELTI  (JALZY o ITFMI I TALE0N.LTIC), LIA(ZL).TRETS, FIRESOL S Jh=8 FIMFiNT9
SOIACZ L, ISUMY ITATIN, NI, I ERI34]  IMST I IAI3RICINSI L IAC3T), FIMESOIG 59 LL=L FIPESDAQ

SIORD1, {IA(3R)TNRDI} 4 € [AC3S I, ACEL 1o (FA(S0)adL), (FALST]4d7 ), F1MESOLS LIK=LLH K FIMESOR
TOLATS2) .33 ) (181530 dad, [TAI54Y,J6) . ITAL5D) 30t 18156) )T TI10IGTFIMESOLE LJEP=LIK +] F1MFSORAZ
AY1JB ), (TALEB) LITY I (IAIG), IRBY, (TR1ED}. IA0I, (IAL61}, TINT L {T8{AZ)FIMESOLT IF ILJK=NFI} 7519.7ul9,7923 F1MFSOR3
SIIA I TAIE31, DT v {1ATESY 10Ty {1ACAS), ITE)«{1AT&L)ITAP] FIMESOIR TY23 NBE=NBE+30 EAMESNAS
EQUIVALENCE (I141466)ICARY (1A(RT) ICIX),ITATLB),ICIY),{]ALLGY, F1MFRALY NFI=NFI+20 FIKFSORY
LICTZYy (TATTO1 e ICFI I FACTIY IR I LAUT2 o 1Py Iy CIAIT2Y, 0220, F1MESDRP0 REAL INPUT TRPE 5,791, (DIMIT), I=HAF, LR F1MFSDHA
BUIALTA Iy IC) o fTALTS ) IDTF ) LTAITAY, IST) L LIATTT), TTS) FIFESDZ] TILY GI TN {704 AT, AR 07 06465464, 63,62.611.2K b HAESORT

A (LATTHI IGEM), [TALTRY, TERR D, (RAIAD] TR LAATAL) DT [AA182],NG] . FIMFSD22 &1 ML ENEReEY ] F1MERDAR
GUABEBEEAALEY, TAAIBE) 4 ALD 1y TAATASY AL, {AATHA) DRI CARTINT?I,PY,  FIMESNP3 GO TO 72 FLMFSOKY
SORAACLIL) UV (RRILES) X ) - b2RE L1631, Y1 taACETEY 20 {ALLITS) AN}, FIMESN24 G2 JM=JY+M FIPESDYN

GORATLBEY YD CAML I3, 2121, (AATASL I, S 14 L AAI4D ) 2GEM) FIMESD?S GO TU 72 FIHESO9
TyfARLGZ) INP) < (AAT43} 4 IPRET (AATA4), TPTHT, LARL45) W CANS T, TART4A) FUF INESDZA b4 JHzJA+M F1MESNG2Z
Byg1AATAT) G4 LA RE) G2 ) (AA(49) .62 FIMFEROAT GO 10 T2 FlMFSN93
EQUIVALENCE (1813891 ,NTICI. (1A1368),150T . 11A1367].15DY).(1A1256) FIMESDRE &4 JMETHM E1MERORL
1.IS021 o 11A1345 1,090 (EA(344 1,010 ITAL343) c PRSI LIALISZ) U501 FIMFSOEG GU 1D ¥R F1HFSN9S

2y U1A(36L)  ISDZ A I1AT3401, JARE]VITATS3T ) IMME)  (TA(338] , INMY] FLHFS03%0 &y JM=JA+H F1KESAGA

TP TACIITY MM ), L TALABG ), JHFT ITR1335), ITAS).114[334}.0I02 ] EIMESQ3L GO TO 72 FLMFRNGT
Ge{lAT333),TPR), [LA{232),D6 ), (44133)}.DG2),{abi330),PRFR] FimMESDA2 b JM=J54H FIMFSOOR
5.{14(329],IPIR) FIMFSN33 G0 1D 72 FIMESOSY

I FLMF5034 50 dMmdaeM FLMFS1 00

M=0 FIMFSD3S IR L F] FIMFSI0L

MT=0 F1MFS038 bH DMz I+M FLMESLOZ

L FIMREAAT GO oTO T2 FIMFS103
NRE==1Y FLNESOBER &Y UM=I2+M FIMFS104
NEI=0 F1MFI039 GU fOo7? FIMER1NS

TYL0 L=b+l FLMES00 10 FIMESIDA
Tall LIF (L-WF137912.7917,7912 F1MESN4) 12 FIMES 10T
7913 KWBE=NBF+20 ELMESQ62 EIMESLNR
WFT=NFT+20 FIMFSN43 FIMESTNG

READ INPUT YAPE 5, 7Yl {IHIMIT] I=NRE . NFTY FIMESDS4 K= JR-1 £1FES1ID

741 FORMAT t70luw) FIMFSOA4S I¥ fJKY 749,7R.T7919 FIMESTIL
912 IF L1DUMIL)) 7921, 7910, 7926 ELMFSOGs TA DO TADD J=1.4N FLMFS112
7921 1F (L-NF1} 7914,7913,7913 FIMESNAT JLELJKP- FLMFSITE
7924 IF (1ERRI 300,200, 792% FLNES04A IF C1DUMEILY Y 300,300, THOD FIMESITG
T925 L=L-t E1MFSDAg TE00 LONTINUE EIMESTY
Mi=-1 F1sESQS0 [F IM=I1T} 7930,.799%,300 FIMESIle
1ERR =0 FiMFSDSL T30 |F {NFI-20] T9L0.T910.7937 FIMESLLY
Tyls M=Mel F1MESN52 Ty32 MIE=HF1-20 CIMFA11A
MT=MTHL F1MFSDS3 My T940 1=1,20 FIMESTT4
IF (MT-939) 79]16,7%15,300 F1MESOS4A I1=1+NTE FIMEST P00
7915 IERK=Q FLMFEDHE T 10UMIT) = ERIMIT ] FIMFE12]
TOLe TF IMFHIOUMILY) 300,7917,300 EIMEE058 L=L-NIE FIMESI 2R
THLY LELT=IRUMIL+] /100 FIMESOST NEE=1 FIMF§123
IF LTELT=LIELT-19}) 7918, 300,300 FIMESDSA NF =2y FIMFSY1 24
TH1R GO TO (81,82.81.83,654,85,64,89.B6,R7 B4, A5, R, B9, BE AS.R] .81}, IFLTRIMES059 G0 TN 7910 FIMFS] 7S
vl JK=5 F14E506A0 799  1ERR=0 FIMF312h
JNe 2 FLRESAL 79 RETURN FIMESERT

GO TO 8y FIMESDA? 200 TERR=] FIFESIPR

H2 =g FIMESDGD G0 TD 7Y FIMES1RY
JH=2 FLMFS0ORS ENI FIMFST 30

. 4w . ]
Table VII-10. Source program listing of subroutine QUTPT (Link 1)
* LABEL

CTIURT ELEHP fO00 BCEACLRAY VO (AR TS3 ), 203 LART AR ) LS L fARTAD )\ F0FR) FIOPTN?S
SURKOMT INF ALTRY E L InNnY Tl AB0&2Y INFY LAST4Y), TRHG) . LAATA4)  IRFNY (AL TAR) (CANSYIL IBALAAL LIFTNRTOZ2E
C WRITES [NFOURMATINN KELATHI WITH HELAKELLINA Flomlpng B LAALATI,CLY . IARTSBIOFY, tAB{al], (%) FlapTozT
DIMENSIAN T&01) A1), REM[L31,NTILG)HUSEY (500D L INUME 5000 M{#}  FIRRTAN EOUIYALENCE (1813451 NTIL] (L TAC34BI ISNTICCIAT32T1, ISDY ). (1A1364) FIRPTDZE
TePL2AT, UM (26T IR Y (I {0 XN T YRCTL 2007 AUMHY (27 ,9) FIOBIONG P ESDE T e CBAT RG]  J9) T TAL LG+ k10 TTAT36 310 0PRS) 4 LI RG3 ) S0V FINPTN2G
2-RPL{ZLNL5110.61118 FLORTNAS 201803610 JSDZ ). {TA1340Y, JARF) [ FAL339) JMHX) o1 18{33R] LMKy ) FlURTDAN
COMMDN A, AA FINPTANG A LLALIBTN, SMMZ ], TIALSAAY JMET L, (1803300, TTAS I, 1 TA1334),IN2) EINPTNIL
EDUIVALENTE (1A.AR), (AAL 9000).DUMNY} FINRTONT Gaf 1803331 IPK) . LARI332).NBY){8A(331},NGZ ), [Aa[330] ,PRES) F10PTD32
EUNTVALEMCE [DUMMY TOUM KT RUMMY | LOUMMY 1LY RER) ELTRTONA EQUIVALENCE (LAI32) . ISHUF) 2 1AV30L . 15UKRY FIOPTO22
FEOUTWALEMCE (TA113.INI L (IACZI TRE)  UTAL3), IT], (LAL&R- 1B, L1AIS1, FIOPTONG LOITVALENCE [4BINIBRCY. LAREN, ThANR) F10RETO%E
TIPREN CTAGS T L EYPF I ETALT L THMATY. (T&LEY ENECT, L IALG1, TNY ), 0 1AL 0] LF LORPTOLQ DIMENSIUM TREC{HOUOY, IRANNIAG0C), ISTR(SA0)  IFAXI540), ININISA0),  E10PTAZY
QIH] A LACE L 181  ETANT2TMMI) (AL 3ha [M=v ) IPATLLT, THMZ ], LIALL5 ), EYARTOL] TARININRED,15 FLIETONS
BIMELL OFALLE)TARE L (TRILTI NI UIALR9) oM LTAL2AT, TTYD, (1813714 F LORTAL2 EOUIVALENCE IDHMMY ARIN L, LIUSHY(BLO0) « ISIRT « (OURMY (RELOT, TPAXE,  FIDPTO3T
GISTRY G CEACER) G IFLT] (14029, 1IFRIL LIBITI00 T FIC ) (TAI3RY  IFFT), [SUILIEY LDUMMY i 8G Iy I MIND FliipTn3a
SUIATIZ3 4 1SUMILFIA133) IND I, i TALS4]  EMSH, LTALRA, INS), (147370, ELORIN 4 WKITE UDTPUT TAPE &¢lh FIPPIN3S
GLORD, (TACIRY L TORDL T DENCAS N G ACFL b, (TA{SRO .01 b (TALST Y4020, ELOPTH1S Th FORMAT (YHILSH R BH ISTRLAH TMTRL AR TMAY, &0% 21THLAREL WMATE]YE1P AL
FETAISE e e 1IB L33 1yaaly C1R0NA) L UB o [TATBSN &Y. LTALSAI AT, (TEISTIRINPTOLS 1IN OCTALAY) FINPTRAL
HY B (TRCRBT T s TTAIST I TRB), (TR IS0T TR U AUAT T LIDT { [ALA2),FIABT? WRITE HUTELT TAPE AL 7ot 1 ISTREDIZIMINGT S JMAR( L) 2 (ARINT 1. d), 021, 7€ 100 TO42
GITAY 4 TALEINSIDTI  CLAthG )TNV o (LAIESYETF I A TA(GL) ] TaR) Flmeiols Lyal=1,EM0 FIOBTRA?
EQUIVALENCE (TA1A6), 1CARYITAVATI, ILIX]  CTACARY, ICTY ). ( EA{auL, HIOP TS LT OFORMAT (L]&,5%,7M 3) F10p 1044
PICTZY, LTACTO L ICRT ba (TRITLY W XX L TAL 20, I¥Y L ETA (TR 0201, FIneraan IF LISUR-T71 120,120,110 FIOPTOAS
ZUIALTA) LICT, CIACTS) o IMET Y 1RETA) L ISTILCIALT N EIS) ELORTOZL 110 WHITE AUTPOT TAPF &, 1A {1 ESIR{T). IARIN{T-J1 J+R.15), 121N} ElRTOSS

e L1AL 41, IGFME L LIALTINLTERS ) LAALHOL . TET AAATRTDSDT (AATR2),05), FLOPTOP2 LR FURMAT (1HO/(216.63.8013)) FlOPTE
GUAAIBI Ny AL 11 e LAATREY L AL2 ) (AAIRSY ALY UAAIRAY DAL (BA[10T) k), EINETDE 120 METUMN FINpInas
BUAATLIL V) CRALLSE )N, [ASTEAZ L Y I, {AAILTL) 7 ), (48 (LT, 40, FAnPTO24 END FINPTRAS
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Table VII-11. Source program listing of subroutine SRAT (Link 1)

. LABEL
CFI=RT F1SRTARA
SURROUT INE SRAT F1SRTADY
< GFMERATE: COMMECTIVITY MATR[Y 4NN PFECRIAES TOPOLOGY NF STIFF,4AT.FISRTOR?
DIMENSION TA{]13oA8[T1RFMET T ANT LN  UMSY (500 L | DUKI RGN ) 2N F1sRToRs
TaP 128 a Ui Qi K18 )Y (R ZERTAXN T N{T 14T 7) SRUMMY L2750 C1ERTR 4
20201211 e5¢114G0011 F1S4RTDONS
COMMON Ja,244 FI1&RTANE
FOUIVALENCE (TA«KAI1TAAL SD0AT, WY ] S1SRTONT
EOUIVALENTE (DUMMY g IDUM NT RUMMY ) (D ¥ ELT1eREMY FILRTACS
FAUIVALFNEE (TAf11+IN o LTAT21 oA 018130 T T el ]AlGy TP ). ITALSY, F1SRTRAD
TTPRE 1 i 1ai6)«TTYPE e IAL T IMAT 1 4 i TR IR S IRFGIa i 1820 TN o CTAIEN.E152TOLN
FIH S DTACY ] T8+ CTAST2) THMMX wf IRETA} o TM¥Y L I TALTL 4 [V ) a ¢ TAII514FTARTAL)
AEMFT I LEC18Y o IARS o tIA I TIaNII 1) 40T aT25 0 a0 [a02e) 1TY st 41271,TISRINIZ
A1STRIVUIACZBY  TELT Yol I8 1290, (TEM o ¢l a2l TIC 0 laran e fveTy F1SRTOTR
SUTAER2 ), IE0V) LTI 1,IMD) 180 31, TM ) ITHIART,T0S ) [ 1AL T FrERTALA
GTORDIS I TALARY, TORDT 1, I TATTATLAZCL Fo M 1RCR0) T e TATSTIaI7 1, F1ERTATS
TUTACS21 400, 0 1Atm30 3 Jat e d TALSEY 2 ST )0 (18185 ), 08 e { TACAEL 1T rl T21ETE1SRIALR
By Bl TALRE ) b dTY) 4 LTACRG S TARY o d 1ATAP 1 IR LEATBT 10T (LATBZ1,T1ER AT
FLIA e T ACET A 10T 50 IATBG) pIRY 4 I TATAS 11T el LAILL1411EP) FIsR{AIR
COUIVALENCE (151651 1CART o ITAIST I ICT R 1 TRAIEE] 210 T st 1ALEYGT Y F1aR 019
LICTZ et TAETO 2 4CF I (TACTI) R XK CIAET L IVY ) N TRIT2I, 1220, E15RTRZN
FOIALTAY ITCIaLTAITS o iDFF 1o (1aCTB 15T et TALTTY IS} FLSRT0Z1
T, TAITE ) IGEF w (1AL TS Ia [ERRIA(AB AR ¢ 1515 (ARCBL1DT )i AAIETILN0], SISATAZD
GLARTAT)JALT 1, IAAIRG) AL Iy {RAIBSI ALY LRRIAE) P11 (417N TI4P1,  CI%RIN22
S1RL11311 UV I I AATTOS X v (ARCIST 1Y o (ARITITI 2 ) ol Ba 1 T9 xR,y TISRTr 24
BEBAITSE] YD) s I AAT TS o2« LARLAS] JuSl y [BRTan]L00M) FluRiazs
7-(Anﬂ("?)-!N?l1(.&-’\{&31.11"?(\“t-\\(luhl‘IDENI.l.lnlk‘*\cf'.‘“‘-\-t-“ﬂ!ﬂé}|!Ur]hrf’7n2’>
By e IAMILT Y GLI ot ANLAB) 5213 LARIGDY 0T EISRTN2T
EOUIVALERTE I TATT69) NI IC et PAt MRS TSAT L, (TAITATY 1SRV i, [TAL 4R O] SRTAZR
LeISDZ U (TR13a51 409797 TALIAGY IR S {14 [ 74314 JPRS1 4 CPA(T71USDY)  FIERTOZY
2af1B13617 v ISDZ ¢ [A T340 ¢ JARS 4 I TATRI0Y S JMwX 1y LTRL2IA) , IMev) +1SRINZA
A LTAISTTY UMM 12 T8 Y5 IMFT ) (TEEITR ), 1TASY, [1E13I8, 107 FiSRTAIY
A lTATIT3 ) IPRI 2 {AA13IZ 1 +NEY It RMEATT T aNGLY A LBA L2204 PRED) F1aR103?
OIMFNSIOR TBSIA5) aCCOIERET L JR5( 28 1I0C0IM25) FluRTA3?
EQUIVALERCE (1A{ZON],TRASH ) I1AC225 1 dFE)  TAAIZE0Y 00T FISRTAZG
LEARE2T5),CC00 F15RTO3S
FOUIVALENCE (180351, 15HUF 1+ (TA{ 3N 12U FIERTAIE
FOULVALEMCE (ASENLIBRC) 0 ARTY, TR F1EeTAIY
NIMFRSION TARC{BAOT) . PAANDIBAAN |y FSIR{S40 1, TVaR[GAr) L IVIRERAR),  FISRTOES
TARIN(540,15) 1591039
FOUIVALENCE (DUSMY CAZTN )3 UMM (3100 ) 3 [STP) L IRUVEY tARL Ay LAY T, FISRTOLA
TIDUMMY (GLB0), TMIN ) FI5RTOG]
1F TSHUF=-2) 25,25.23 CL5RTN4G2
23 READ INPUT TAPE 5410041 TSIRITI,IMAKCET F=141M) FLERTOGY
100 FORMAT (20141 E1SRTN4A
G0 TO 1107 F1SRTR4S
75 DO 22 1=14IN E1SRTNGA
27 ISIRCIIEI FISRTA4T
TSUR=11N=11/26+41 E1ERTOLA
Do T1 I=T.14 AELALT
DO TI Je1,1SUR F15RTE5N
71 aRINilei=0, E15RTAS ]
RC Q¢ Msl,IT F15PTO52
caLL TOPO F15eTAER
DO 98 1=1.1H FISRTOSG
L=TH=1+1 FLfaTesh
IF IKIL1T 9849697 ELSRTO56
98 CONTINUF FISRTOST
WRITE DUTPUT TAPE 6yll1:M F15RTOSE
111 FORMAT I AH ELEMENT ¢ 14 42X4 22415 UNACCERTABLE. DISRFGARTFD, ] EL1S8RTNSS
60 o 99 F1R&TALG
27 Tuem T15PTALT
< THIS CARN (EISRE1ANY T& IMMERIATFLY 4FTFR CASD F152TART, F15RG1AN
C EXPAND ELEMENT VERTEX YECTORSRY MULT IPLF DRC TREUT UNITS. 14 ImAY E15RA1A1
ten F15R514A2
DO 300 [=1.1W$ T1ERELAD
F1SRE1AG
THAXIL I =NIT) ELSRE1A%
EN=IRITI=11#IDEGH 120 FLERE1AE
no Ic1 JF141DCG FiSRE1AT
1RAL=xN+] F1SRE148
IF (1RLTE0LI-10000) 20143024307 F15R6149
3y xMz100ANS TACL- B0 F1SRE1D0
TRCLE1R0 F15RBIR]
00 103 K21,IND F1SREIR?
1ROL=TROL+1 F1SRALEA
TF (TALIRCLY«XM) 30343040307 E15RALEA
Ik L=L#] F15RALES
TMAXIL)={E=11/1DEGH] F15R1BR
303 CONTINUE €15R61B7
0] CORTINUE E15Re1B8
100 CONTINUE F15R6189
Me=] FLSRALCP
2O 386 =240 F15RE1CT
ERz AT} C1SRALC2
ne 30T J=1,0vs FISRe1Ca
IF LIMAXEJI-END INT406,307 FISREICA
2n7  CONTINUF F1SREICS
[CEESE S FI1EREICE
[MAX (1M} 2N T1SRRICT
308 CONTINUE L15R61CE
¢ THIS CARD (E15R&1<91 5 IMMEQIATELY AFFORT (ARD EISRTG?. E15RE61C9
oo 95 I=1l,01M5 E1SRTQ&Z
TR=iwaX(11 1581083
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2711
a7
77

B4
947

q9A11
R3]

w683
982

94
95
°q

1100

1540

1950
2200
zico
21o%

211n

2200
z3or

Bll
w15

a2

417

s664

419
4211

470

814
421
422

B12

KN=0

LIRC=11R=1)*IOFG+150

po 971 J=1.IREC

[ROL=LIBO+]

[F (IALIRQLYY ST245711,7711
KNaKN+L

CORT INUE

RO 96 J=1kTMR

IF 1EN-1NEGE BaZ«941.%42

TF (1-J1 954R42,94
JR=IMaX ()

kM=0

L170=1JB=1}*|IDEG+IRO

oD 981 L=1,IREG

TROL=LIBO+L

IF (TACIROLY) SB2.%E11,9811
KMEEMs |

FOMT LNUE

[F 1E¥=1RFGY D8F,GB%.982

IF ET~JY 944582494
ENLLEIRWALTS]
ACH=ARINCIBsJd)
JBIT=J8-36e{JJ-1]

caLL SEBIN LACHL.JBIT.1)
ABIMIIS SN =ACH

CONT IKUE

rONT [NUE

CONTLKUE

CeLL ARAN

[MAXN=[MAX (1Y

[MAXR=1

wN=0

LBARD=O

LIRD=n

00 23n0 I=1.01N
THAXG=1MAXE LIS [DFG

TF {IMAXP—TMAXNY 1580, 194Ma210%
nE ZIne JaTHARB.TYANN
IPOJ=1C0+IDEGH L ISIR{II-T)
po 200 v=L IDEG
1R0K=TROJ4K

1F (LA{IROKII 20004195041350
KN=EN+1

CONTINDE

CONTINUE

IMAXN=[MAXIT+1
TMAXB=THAX(T)1+1

LIBO= 1 SIR(I1=1)# IDEGHIPC
DO 2200 J=1.1DEG
TROL=LIBO+ )

1F (1a4100L)12110,2200, 2200
LEANPL SANP ]

TBANDIL BAND 1= IMAXG-L PANN-KN+]
CONT TRUE

CONT INUE

1SUM=LRAND

1F 1INP-3) 812,811,811

WRITE QUTPYT TAPE &.415 PR IBANDL T 2 Tm] 5 [5UM)

FISRTO6G
F15RTNSS
E1SRTNEG
FLSRTNGT
Flsprrid
FISRTNES
E1SRTDTO
FISATATY
CiSPINT2
F15RTNTI
EISRTNT4
FISRTOTS
EISRTOTE
T158TOTT
F15RT(TB
EISRTNID
E15RTREM
S15RTORT
F1SRTNB2
F15RTN6%
FISRTOB4
FLERTOES
E1SRTO6S
E15RT0NAT
£ISRTQBE
FIERTNABS
F15&Ta9N
E15RTAS1
FLERTRGZ
F15RTNIS
F15RTNGL
EL1SRTNTS
ELSRTO9&
ElsrTOS7
F1SRTOGE
E1SRTASY
E15RTLAN
E1SRTLN]
FreR¥ir2
F15RTLOS
F1SRTLOW
FISRTLNE
FIERTINE
FYISRTIODT
E15RTICA
F1srrl0d
F15RTI10
FISRTILL
FL5RT1LZ2
F13RT12
F1SRT114
CI1SRT1LE
E15RTL1G
S1SRTLIT
F1SRTIIR
FISRTLI®
E1ISRTL20
F1SRTLZ2L

FORMAT (1HL1s39K,4OHTOPOLOGY OF THE REMUCED STIFFRESS METRIX/////1TE1SRTIZD

1%y BSHNUMRER OF ELEMENTS RETAINEDR LT Fafp ROW QF UPPFR STIFFNESS MAELSRTIZ?

2TRIX {DI1AGOMAL THCLUDERT//11014Xs [aalxaln}T] FISRT124
IUr=tu-+1 ELSRT12%
TALIUlY =1 F15FT126
TeUML=] UM+ ] FISRTL27
oo 4le laZ.l=uvl RTL2B
Wi=lu+l 15RT12%9
TACIUT =R T-L1+TEBANRCE-1Y E1SRTLlan
1ORO=IAITUTI-] E1SRTL3Y
FORE=0. E1SRTL32
DO 41T T=1,15uM E15RT133
FXX=IBAND{ I} F15RT136
FORD=FORM+F XX E15RT135%
TET=TU+1RUM] F15RTI &
fisr=ler FISRT127Y
FIsUM= | 5UM E15RT138
FILFY4F ISTAFORM+F TSUMET L FISRT139
TORDT=| ORG+1 EiSRTlan
WRITF OUTPUT TAPE 436664 FORD.FILFN F15RTL41
FORMAT | 1X ¢ 3SHSTIFFRESS MaTely REQGUIRFS (DECIMAL Y4F5.0419H F152Tle2
14TORAGE LOCATIONS/L1X,3ZHTOTAL COMMON LENGTH 15 (DECTMAL1.F9,0. 19HEISRTI4S
2 STORAGE LUCATIONS) C15RTL kb
1F 119810 ~FTLEN+FISUM] 419,425,420 E1SRT145
WRITE BUTPLT TAPE Bsg21l E1SRT146
FORMAT ¢ BX BIHWARNING, LESS THAM 12750 NFOIwaL LOCATION 15 Awr1SAYIGL?
1eTLARLE FOR THE NEXT LINK PROGRA¥S./5X.4THTHOUGH IT MY BT SUICIrAFlSRTIAE
ALy EXFCUTION CONTIHUSS, Y rierTlos
TF CINP~11 A3 814,204 E!SRT1BN
o0 421 |=llT%UM] F1S%TIST
I=lu+l E15RTISZ
IBANDI T I=fRLIUDY E15RT153
WRITE OUTPUT TAPE &4£22¢ (1aTBANDIIY +1=14150MT) FISRTL5a
FORMAT (IH1:30%+62HCOUNT OF MEIN PIAGOGMAL FLEMENTS OF S0W LISTED SE1ERTLISS
ITIFFNESS MATRIX/Z11012K 1aslx 150 £1SRTLI5E
RE TURN €15RTEST
FND E15RT168

119



»
CELTH

C

tuot

42

3302

TILK

FIRST

ONCE
TNLTL,

120

Table Vil-12. Source program listing of
subroutine TABL (Link 1)

LAREL

L FLTRLANG
SURROUTLNF TARIL ELTALAMGL
PRIMTS FIRST OuTPUT ITEM ELTELODZ
DIMENSTON Ja{1),8aCL),REMOID) NMTILONOUMPY [S200) . JIHIKCSO0N] . NTAY  ErIALDOS
ToPL24]  UVIZL XA YR 2 (AN XRIT) YO T ) 2T T} RUMMY {2 7.9 F1T1RI ON&
2aDZLIZLNS{1 G101 FYTRLONG
CUMMON L&, a8 RLTRLODS
EQUIVALENCE {1484 {480 S000} ,DUKMY ) ELTRLONT
FQUIVALENCE [DUMMY o TDUM NT BUMKY ), [NOMEY [ 11 ) RFF) FYTRLODA
EQUIVALENCE TEACE)Y o IMI«(TALZ  IBMY  LIAIIV BT ha D IALEY  EPYSLIAIST,  FITALONG

LIPRE) LIALE N ETYPEL I TATTI IMATIw CIATHI A IDEGI 2 CIATY 4 INKI . (141D} FLTRLOLO
ZIHE UTACTEY (AT ETALY2) (EMMN], (TALLA] L IMEY ), (TA(T4Y, IMMI L LTAFES ), FITRLON]
SIMEL ) TTAILAY L TARE)  CTAILT] LNCYY S DA{25 ), 8], (TA{28 1T ). (1A(2T}FLEBLOLZ

SISTRY . LEAI2RY L IFLT ]« i TAC29Y, ITFM) (TA(R0]L1TIC) 2 {1A{3L}IMFT}, ELTHLOI S
SUTAEAZT, TSUMY L (IA(33) - INDI L {TAL34), MG LIA{3E)IDS)CLIAI3T), F1TRLO1S
SIURI) S LEAIZRY L IORDIY« LIACAG N PLFL Yo LTAISD Y ot JALSL) 020, FLTRLOLS

TUIARS2 1030« LA J4 v CIATSA) 4 d% ) L TATSS e bty (TALSRT L J7), LTA{STFITRLDLS
A1 Ji) s ITALSBLITYY, I TAISO] L EPR) L L IALA0Y . TRNILLTALal ), TERI11A(62)ELTHLONT

SITAY (TACAIDLIOTI CTACSG ) 0¥ 112165, ITRI. (T8 {al), 1TAR) EliRLOLH

FOMIVALENCE [TRLASY  ICARD L {TataT ), ICINI ITR[6R) L ICTY)(EACEY]. FLIRLO1Y
LICEZ) o (0 dALTON G ICRI Yy EFALTLINEXR b IAITZY 1YY LA LT 122 1 FITRLOZ2D
ALTATTS) e FICH CFAIZS 1  THEE D CTATYAY 15134 LIREYTH, FISY E1TRLOZL
3o hTREYEY, TGEMY {IAE T TERAD W EARLHO), TE) W {ARCHI 1 NT)y (AAIRZ).DA1, FITRLO2Z
ATAATBAN ALY ) e TARTHL I ALZ o i AATAS I AL W IAATAR] DA, (RAIIDT}4P],  EITRLOZ3
STAATYIILIT (UMY, (ARELEST X . {AATLA Y Yy TABTLTL 220 lAA{I790a XD, E1THLN?4
GUAATLEG ) YD) o LARIIY93] 2D ot AATASE B4 i ARTG0) 7 EFMTE E1TALO2S

Talnnlar,

NP1 ERALATR] « IPRAY p {RAT4L ), IPEND (RAALASY JLONS) . [AR5GA}, JUFLTRLOPE

Bl lAMTATY oG IARIAE) (GZ] 4 {M43) 453} FITRLD2T
BOUIVALENCE C1R{349 1 NTICY.(TA{34B].IS0T), (1403473, 180V, (141346) FITRLOZR
Lo ISDE T, DHACAA5 ) 09, [TA{344 1,010, CHACSA3 )5 JPRE T L1A(34D] 050y E11HLD?9
FolTAL34) )L SSOT Y LLA{3A0] 2 JARFY S TIAT239) 2 NP L TATSAR] L MM F1TRLA3D
A LIATIETY e dBHI ) CIBI3A0 T JHET Y £ 1A 3350, I TAS Y, LEAI334),1N2) F1TBLO2D
S lTATAB3 ) e IR 0 AAT3A2 10 0GY J(AMI 331 1,DG7) (441330 . FRES] F1TRLO 3P
SedIAIB291 4 EFR)CETACR2B), TCOR)  CTATE2T 1, TBUM) (1803260, IMES) F1THI.D33
DIMENSTON 1NERRIS0} F1THLO GG
EQUIVALFNCE (TATZQOO). IRFRR} FLIPILDOYY
DIMENSIDN B5IR(540) E1TRLOZA
EQUIVALENCE (NUMMYIBLO0N, [SIR) FLTRLD3T
EQUIVALENCE (1A(35),15HUY FITRLOFA
WRITE OUTHUL TAPE &6, 14001 (KFME Y, 121,14 F1THLO'S
FURMAT {1H1,36X.28HLINESR FLASTECITY PRORLEMZSY ZX.1404) F1TALDAD
WRITE BUTPUT TARE 6,351 [Ny T2 IDEGITYPEIGEMA ISTRe THy IH 1R TP ELTRLOANL
1,IPRS, IMAT,.NTIC EXTRLOGE

FORMAT (/f/2ZH TDTAL HUMBFR AF NDADES.1AX,15/32H TOTAL NUMAFR DF FINELTHLDGS
1ITE ELEMENTS BX,15/29H OFGRIFS NF FRFEPOM AT A NODE.LLX.15/17H FTYELIALDAL
ZPE VALUF,28%,T5,10%,5RHO FIIR JSOTRAFICe 1 EGR ORTHINEBRIG, 2 FNR GF1TARLOAS
BENFRAL MATERTAL/YINW TGE® YALUF+29X4I1S+10%,40HD FOR 2-, 1 FDR 3=-NIMELTRLO45
AENSTONAL STROCTURES/LIH ISTA WALUF, 29X 15,:10X 34111 FOR FLANF STRAIF1ITRLOG?
SN OCASE, O DTHFEWISE/4LH MAXIMUM MUMKFR LF COMTACTS IN AN FLFMENT.IEETBLD4AS
47330 CONTACT MUMBER INCLUDTHMG DUMMIES.ILP/10H 1AM WALUE, 30X, [5. LOHY 1R 049
TX.65HMUMBER OF SUPKESSED NEGREES (I FRFENAM [F NI MOLTICLE CUMMECTEL IR DS0
BIONS/I5H TOTAL NUMBFR OF CONCENTHATEND LOAGS.Sds15/15%H PRESSIRF TYPFLTRLOGL

GES4 25X, T5/15H MATERTAL TVBES,2b%,15/16H THICKMERS TYPFS, 24,151 FITRLDSZ
WRITE UUTPUT TAPE A, 352, 180T 180Y. 15017, TAKF . FMMX W | MY, [#M7 L IMF] C1TRLAGA
PaTMXy THE 4 ISHUF  {CUR ELTRLOGS

FORMAT (25M TEMPERAIURE CHANGE TYPES,15%415/350 TEMPERATURE GRADIFLITALOSS
LNT TYRES ALOMG YoaXo [5/35%H TFMPERATURE GRADIENT TYRFS ALONG £.%%. IE] TRLOSH
25/L1IK AREA TYPES.29X,16/23H TORSINN CONSTART 1Y¥YPFR,ITY, I5/76H ¥ MASLTALOST
3MENT DF INFHRITA TYPFS.14x,15/26K 2 MOPENT (IF INFETIA TYPFS,Lax, |4/F] TRLOSE
@3UH NUMHFR NF ANGLES FIXING PRINCIPAL AXKFS,JAZLI TMX VALUE 30K, 19 ) TRLDSY
93 10X S THNUMKER (IF THF LIWMK FKOP WHICH RETURN—TN-REGINMING |6 KADF/FLTALOAD
6LOH TME YALUE 30415, 10%, S0HD KINIMIK PRINT, L FARTIAL BRINT. 2 COFITREOAL
THPLETE PRINT/ZIZH [SHUF YALUF ZHX 2152 10K A3HD M0 RELABELLING, | RELF1IR| 0&2

HAREL, 2 OFR 3 READ CARDS FQIR RELARFLLING Z1HA TGOK VAL UE 39K 15, 1 NEFLTRLOAD
Y.52H0 HEAD CARNS. ) CALL SURROGHTINE CURM FOE CHIOINATFSS F1TR{0AS
WRITE UUTPUT TARE A43352, TRUN, TMFSL IR IR ] FAR I TAS BGFL AL 63 A3 FITELOAS

FURMAT [LLH IRUN YARLMF 24K, D% LUK AOAD MFAD CARBSS |
IRE BUNG FOR BOURDASY COMATIIONS/TLH
P CARDS, |

CELL SUKBROUTIFL (Rl OnA
THES VALIF, 2984 15, 10X 54BN PFAT TTRALDAT
CALL SHBRIOUTINDG FFSH FOR MESH TORIUNGYF38H IR TR VALIEF FFETRLAAR
308 EMELL LOLAL NOMAL AXES,§7.10%,5aHD aSSUME JFMR, 1 GAMPUTE 8% wRFITRLOAY
SINCIPAL, 2 RFAD a5 IMPUT/Z6H CHAIN VHAGRAN TARE MIMRER.16X,[%/20H FITRLOTH
SSCRATLN TAPF NURMHFR,Z0X. 15, E0X50HQ R — O MOT CHMPHTE BESTIMIALS (K IR DT
fi OTHERWISE COMEOTF/ 73H ACCILERAT[NNRUN]T MESS 17X, FL0O.5/34H DIREGE]TRLAT?

TTINN COSIMES I ACCFLERATION FLA S, %0 b 1009, 34X, FI0. 5/ 7711 FITHLO?3
RETURN FITRLOTS
END FITHLOTS

.l
Table Vil-13, Source program listing of
subroutine TICK (Link 1)

Fap TICKNOD
COUNE 25 TIGKDNL
LRI TICK TiCKRO?
ENTRY  TirK TICKaNS
N21 ONCE TICKONG
TAA FIRAT TICKDOY
cap 5 TICKOOL
SUE INGTL TILKEOT
J;ILE“ 184 TICKEONR

* ' TICKOOY
TR 214 TICKDLO
3TL aNCE TICKBIT
CAL 5 TILKDLZ
W ITIRTS TICKD)3
LA les [CHNL A
TR 244 TIEKALS
:ii TICKE 4
A TICKGLY
END TICkOIA

Table VII-14. Source program listing of
subroutine TOPOQ (Link 1)

* LABEL
CELINR E1T0PAND
SURRNUTINE TNFO F1TORGO}
4 PRI'PARES ELEMEMT PROPFRTIES AMO) GHFGKS F1INPOD2
DIMENSTON TALL) - AA1L1) REMITI3D4NTCIRY  DUMMY {50000, IDUKISO0DE NIHS  ELTIPOAS
LaPlZaY,UNEEE]XI8) Y IB] 2 (), X0(T),¥YD{T1. 2D T) RUMMY {2 7.9} F1TOPNO4
202 L2451 )46 41} F1TNPons
COPMON TAgAA EITORONG
FOUTVAI FRCE (T&,A4) 4 t&AT 90001, NUKKY } ELTURONT
FLIFTVALENCE {NUMAY o TDUN e NT o RUMBY ) 4 {RUMMY L LD ), REM} E1inro0g
FOUTVALENCE (TA1TH TN o D AT2) I, (1803}, TT) 1A La) 1PIt 1405}, EITORPGOG
VIPRS )y LIACE Iy TIYPE) ATAIT), IMAThy (TAIBIINEGI . EATOLL INY), LIATLAY . ELTRPOIG
AIHIGUEAITY Vo IR ) CTACL2Y 5 IMMK Y o §IACEI)  THMMY Y L TAILG] L IMME3.{1ALDS) E] FUPOL]
3[MF1|1|'ﬂ(lhlnTﬂRE‘vf[ﬂllTl-N[llI|Ill\i?ﬁJ’Mhll!lelqlTVlulln(??l.FlTl]Pn]z
ATETR) o (TALZRI ~IELTICTAI 29 o ITEM L LIAER00 ITIC (IAT31) TMETY, E1F0POLY
SOTAIBZY 2 ISUMY o LATSEY, IMD), i TAL34)  TME ), (L 1A(38 [DS1,01A(37), E1TOPM2
BIORD) LERIZRL L INRDT Y, (1A(3R) LACFL )W CIATSO) 1) (TAIST ), 020, E1TOPOLS
TIIAISP 4 d3) { 1ALS3) 2 04) ITAISL) . d51u tTAESS) 4 thil, L1AL56), JT1-{1ALSTEITOROYS
HI2Jd) ITAIERB) . dTY ) [LAIST) o IEB ) LIATAD), 1BM o (I&(61 )1 11O (AT 621 ,ET10POLT
SIEAL 1AL 0T TAIBL) CIOY by I TALASY L ITE), (1ala1) . ITAP) FEINPOLE
FQUIVALENCE C(IRI6&) 4 ICARYIIATST ) LX) L IALAAIICTYY I TALLG ), FiTorong
TICTZ 2t TAITOY s ICF o T I LTI I XX CIACT2h IYY1 T8 LT 1720, FLTOPOZD
ZITAIT4 TG LIRIRS ) IDEF ) i TAIT0) LETH (TACTTI 115 E1TOPDZE
Iyl TALTET W IGEM) o (TALTY) L JERR 1y (AACKDI W IR b4 LALERLT L OT ), (AAIBZIDGiy ELTOPNRZ
SLARIAZ) . BLET, LARI84 ) ALZY ¢ IAALNS ) AL2] . (AGLARI, D211 IRALTDT},P) . EITURDZS
SUAATLIAT] O]y fARTIBE ) R (AMTIAIY Y o IBALLTI 2] - [ABILTY) XNy EiTNPOZ4
GLABTLEE) ~YD )2 LARTIG3) g 2D) 3 [ART2ST) .50 {AR{40) LGEM) E1TORNZS
TolAALG21, NPT L [AATA3)  IPRGY L [AR{ &4 ) TIENT  (AACGSTC0N5), (881461, IUELTOPNZE
E)etARCAT LT LARTAB) 4 G2) - [20{65),63) 1TQPO2T
EUNTVALERNCE [TA1369),8TICH CIAC3AR) TSOTI, (14(3471, I50% ). (1A(3441 FITAPOZE
Lol SDZY o L1at3a%) - 09l 1A C3441.000)  (TA1343),JPRS}. 11A0247) ,JSDY] ELTRROZY
2o lIAL34) 71,0502 ) C1A1340Y L JAREY ( E 13300, JHUMXI , CTALSIHT  JMKY) FLITOPNZQ
3o lTALA3T ) URMT ) L TA{336),JMFT ) IEAL2I51 TTAS.LEALI34], N2 E1TCPO3}
Ay ITATAREY IFK ), TAREA3Z1 06T )4 LAAL3I1) L OG2 Y, (&A{330),PRES) Frineniz
TELT=0 F1TOPNAS
ITEM=0 E1TiRO24
iT1C=0 E1Frneass
IHE T=D) FITNEDIS
0o olo I=1.8 ELTOPOZ?
N{f}=0 EITNPO3A
K=1+335 F110P0 39
10 TA{K =0 F1TORNLG
JMT L +B F170PO4L
TELT=1A0JKI/LO0D F1TNRO4Z
IMET=1atuM—1O=1 kLI F1TQPDa3
M2+ E1T0PG4
IF ({ELT-4) 100,100,450 E1TNRDSS
WG 1F {1FLT-3) 200,300,200 FLTHPO4A
UL JARFELACIM)/1OD F1INRDG7
TTEN= 1AM -1 AD8 | ARE FITUPG4E
BTN 400 FLTURNAS
D SPRS=1ALIMIZ IGO0 FLTOPOSO
JENZ= 1AL IMI-1N08IPRE F11nens|
440 IF (EFLT-3) 600,300,800 F1FOPDS2
436 1F (IFLT=16) 570,400,500 E110P053
w70 IF (TELT-B) 500,500,480 E1TOROGS
=d0 JPRS=IA(4MIZ100 ELTOROSGS
ITEM=1A1JM) -1 000 JPRS F1TIPDRS
L=1 F1TNPOST
GU TN 1000 F1TrIRNSA
S0 ITIC=TALJMI/LO0 HITIPGSD
ITEM=Ta[JMI-10ux 110 FITOROAD
M= 5+H F1TOPOA]L
SENL=1ALIMIA 10D ELTOPOL2
JPRE= 1AL SMI-100%4502 ELTOPNA
L=z F1TUPD6G
a0 TO LOoe EXITRROAS
A0 b g 3eM FITHPOGE
JPRE=1A{JM) FITIROATY
L=2 ELTOB(GAR
iE LIELT=2) 100D, 700,700 £1TUPORY
TUU JM=Jbenm F1I0PDTO
JMMZ=TA( M) 2 LO0 FITORPOTL
JERYZTACIM) - 10DS MM FiToenTz
L=-3 ELTNPOT S
IF 1EELT=4} 1000,.300.1000 FI10PO74
HUL M= 13eM CITMPOTS
JMME=TACSM] 100 F1TNPEnTe
JHMY=TATIMI =100 MMK FLTOPDTT
L=z E1TORDTd
IF {10LT=4) 1000, 700,1000 FlLinears
GUU JM= IS+ M E1TNROAN
JSO2=TA[IMI/LON F1TOPCR}
JEET=TA(JMI~1007m 502 FYTNROAZ
RLENLYE] ELTOPDRS
JPRS=181.0M] ELTIPOHS
HEEY ELTOPNSS
luen =1 FLINPAAR
GlTL (1100, 1200,1300,1400) L FITOPOST
1100 JH=J3+M FLTURNAA
NELE=TR0M) FLTNrORS
E1T0#020
1200 F1TOPDSL
(ARG
EITAROGT
150 JM2)5+M [ARELET
MOl = EACIM F1I0PDO5
Tel+l FLTHENS &
AM=Ja4N EATORDGT
N{TY=TACM] E1TNROGR
Fil0pngy
raun (AR L
NELY=1A0gk) FITUPIN]
i=i+) FITRRED2
AM g FiTiarind
WD =Dadamy F1TMR1DS
1=1+1 FITNpENG
KRN F1TOR]IAG
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Table VII-14 {(conid)

LIRS AP INL ]

I=1+1

NLERTN

METY=lagam)

TF (1-TH) 1404,1508,1407
IHP=IH+1

DU 1405 y=lap, 8

NiJ=g

1408 DO 1410 =1, 1H

1wl

tahn

r

ioun
1610
1611
tal2
lals
lal?
lalb

1613
ialy

Leis

1sé0
1821

le30
1631

1640
lhat

1650
loal

1660
loel

las2

1663

1664
1&af

163

1ain
16/t

1640
1bHL

lovd
141

Lron
gl

Limn
111

1i20
Leoo

Auun

IF fNII)I-INY 1410,1410,1450
COMIIRUE

GU 0 160q

WRITE QUTPUT TAPF 6.7,M

FORMAT [1L1H IM FLEMENT+1559H

1 NO CORRECTINM |5 HADE)
NDX=D

IF LIJPRS+1) = (JPRS-IPAS-1])
JHRS=]PRS

IF [IELT-41) 1612.1613, 1414
IF {1ELT-3) l&L4a18LE,161n
IF TIELY=91 1hlH161&,18617
If LIELI-10) 1&61Hy1&LAa1SLB
JH=024M
L=faldnl={1aiJm)/100}*100
TALIM)=100%JPRS+L

GO TU 1al5

RLERESS

TA{JM)=JERS

GO 70 1815

NLEREEY |

L=1Aa{JM) /100
TALIM)=LODFL+ IPRS

CONTINUF

NOX=NDX+L

1620, L&11e381L

TF CIMET#1IMFT-1MAT=13} 1630,1621,18621

IMET=1MAT

RIS R L

TATIM)=1007 ELT+IMET
NOX=KDX*1

IF 4 0ITC+L 0 i ITIC-NTIC-12Y
ITIL=NTIC

M= 2 +M

L=1A1J M) ~T1810MI /100 %100
TALJMY=100%ITIC+L

MOA=RD]

IF LLITEM+#LI=TTER=[SNT=1 01
ITEM=150T

NI Ll

L=1A(dM]I /100
TA{JIM}=100 L+ TEM

NOX=NDX4+]

ITF 1idsoy+11=(JSDY—130Y-11)
ASNY=T50Y

REERER

L=T&lJMI/1D0
Iafdm=100%L+.1507

RDX=NX+1

IF ((J5D2+13343502-15D2-1) )
J5DZ=15D7

IF {IELT-4] 1h62.1AA31AGS
NLESFRL]

L=IAfIM) 2100

TELIMI=10D&L ¢i502

40 TO Ls66S

FLESEES]

GO TN Lbbe

RLERERD
LxlA[JHYI=(]&[JM)/LDOT2EN0
TALIMI=1007JS0T+L

CONTINUE

NUX =HIK+3

IF LLJRRE+Y ST IAKE-LARE-1)]
JARE=TARE

AM=J2+M
L=IntdMI={Ie{JM)/100]*10N0
JATJMY=3a0s ) ARE+L

HDX=NLIX L

IF (IJHME+1 )& MR A~ IMAX -1 1)
JWmE= [ MY

RLENEEL]
L=TalJMI=-(If{JM)/LO0) %100
TALIMI=1 Q0% JMMHHL

NOX=NDH+L

TF LLdMPY+] P2 { JHMY - THMY -1} )
JMMY= MY

REERERY]

L=1a(JM}/100
TALJM] =1 0080 +IMMY

NOX=NDX+]

TF t{IMMZ+ LYl IMMZ- IPRZ-1})
JMML= IMET

NLENEL S
L=TACIMI- T TACIK)/100] 8180
TA{IMY=100=IMME+L

NOR=MOX+1

IF LLJMF IS IMF]-IRET=1)1)
JHEI=IMEI

NLEFEL]

L=1AtAM]F 100

PACIMY S10O0RL+IMET

MEX=NDE+L

IF RDX) 2000, 2000, 1600
HRIFE NUTRUT TAPE fiyl sMaNDR

16y 1A 4 1831

1650, 164141541

YThAaO0. 16511651

L&TO, LAl LHhkE

1630,167TL+ 1671

1650, L1681, AR

1700,1691.16%1

1710,1701.1701

1720,171141711

ERRIR Ik MESH TOPOLOGLY

EVIDRIOL
EITUPLOA
F1TOPLNG
FL17OPLLO
F1IUPITL
F1TOP1127
FITIPIT1
FLTOPLYS
F1TOPI1G
F170P11&
E1TNP117T
F110F118
EFTORTIS
ElfOR120
ErTOF121
F1T0P122
E1TOMIZ3
F1T0P174
FYTURIZS
F1TOR1?8
F1TOP127
F1TRR1ZE
ELT0OP12Y
E110P130
ELTOP13]
FITNP132
FITOPLIAA
F1TOR1 14
FITOPL13G
FITOPL36
ELTOPL3T
F1TOPI3H
ELTrP) 39
FITNP14D
ELTORLA]
FITOPL&2
F1TOPLAZ
F170V6a
FITNP1 &%
F1TNPL46
F1TNR147
ELTNALAE
F1TOP14G
FLTAPLRQ
FLTOPYSL
E1TOP122
F1TNPEH2
ELTOR]A4
E1TOP15E
F1TOP15E
F1FIP1ST
F118P258
ELTHP1S%
EITOP1SG
E1TNP1&L
E1TOP1 62
EITOP143
ELTUFI b6
E1TOR1AS
FLTOP1BE
EEIOF16T
E1TUPLGE
FITOPIED
£170UP1 70
FITOPITL
ELTUPLTZ
E1T0P173
ELTUORI T4
ELTOPLTS
ELTOP1T6
ELTURLT?
E1TOPI 78
ELTOPITS
E1TOPIAN
ELTORL1AL
EXTAP1AZ
ELTOrER2
FITNR1H4
ELTNPLBS
ELTORPLHS
FLTOP1RY?
E1TOPLAE
F1THR1RG
E1TOPISO
E1TUR2OL
FLEOPLYZ
FITNP1Y3
ELTOP124
F11H 195
ELTIP194
F1TOP1ST
FITOPLSA
FITORLSS
ELTOPZNG
F110p20Y
E1T1NP7O2
E1TAR2O
FITNP2 04
E1TOR?DS
F1TOPZ20&
F1TNp207
F1TOPZ08
E1TNR2DY

FORMATILLIH IN ELEMENT 753 2X3 1Ha v 15.7 X2 9GHPROPFRTY TVRE QUMRFRIS) £1TOP210

115 OUTSIDE THE PRESCRIZrD RAMGE. TYPE NO 18 &sSyMER a5 LARGEST POY

ZETALFL
KE TURA
END
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E1TOR211
F1ine212
FLTRRZ213
E111P21 &

Table VII-15. Source program listing of main program of
Link 2 {(generation link)

% EHAIN 1242
& LABEL
CELASP FLASRZ20N0
[ MA LM PRUGRAW FOR GEMERATINN 114K FLASZO0L
[ GEMCRATES GOVERMING FRUATIONS FLALZNOZ
NEMERS UM TACI) 2AACLE,B5ELILH{BT D2IL21},N3317.324T7213:3) ELASPNDS
FoPLZAN UVEZ&IHIRI, VBT I8 XNLY) VAT 20ETE 6101 FLBE2 N0
COMMON T4, 48 FLAS200S
EOMIVALENCE LTR, 481, 102110331, (D211, TP21e{NZ1ELGI E) . INP1E201.GIFLASZONG
FUUIYALENCE 11aiLbaIRI, (IAIZ) o IRN) {18030 1THillafal, IP)-(1ALRY, FLASZONT
TIFRS ) (LACAT e ITYPFlof IACTY, 1T T1ATR) S INEGT, LTI IRE YL f 1A{LOY, ELASZONE
SIHE et TALTE 1B CIAILZ1 . THAA {IATIET C IMBY T o4 LA LLA N EMIZT, ([4{15) . RLAS2N0Y
BIMFIlrtlﬂ(lﬁ)'lhﬁ[).[IAil?l.N(l:J.l!ﬂlEFl-Nl-(lﬁ(?ﬁ)'ITV1-IIAIPT?-FLA5?”10
QIGTAN . CLACZA) L TELTH, (1AL29) A ITEMEC 1A 30D TTINY (IA(3LLIMET D, FLASZ0IL
SOIAT3RNaISUM), (3R (33), IMN) L 1EAI341,IM5), (TA136]1NS), 11037 . ELAGZO17
HTORDN, { FAT3A) TORDT - ETALAG N, ACEL Vot LACSO . d 1Tl TALS1Y a2, FLaS201?
FTELAIS2 1030y CIATISS) 4 Ja), [EAIGR], 5o [VATAS . JA) CIA{SA) 0TI, LTA{STRLASIO]A
Y Bl A TATSH) o I¥ 1g (TAIGD), [BBY, 11ALA01, IANI. 1Ta{EI, 1IN L IAtAZ]SFLASZOLS
GEIAN, (IAIE3) T0T)  L1A1AG1  IBY ) A T&LARE, ITE i TA4L 3. I TAP] TLARPOLE
EQUIVALENCE (I&0AGH, TLARY (I TAISTI-TCT Al E1AIAHTSICIY) ITALAGY, FLASZUOLT
LTCIZ N CLa{TON, ICF I o TATTI I, IXX ) [1ALT2) T¥Y I [IALT3). 1020, FLASPOLR
FOIALTE)alEC), (TA(TH) L TNEF}, TIAITEILISTI(I8{TTI, 118} ELAS20TY
4, (TAEPRI W IGERT e LTA(TIL . FERRY o B8 (A TF I RA(RTY DT, TAAIRZY DE), FLASZNZA
A{ARCRT I ALY ) ¢ 1AATBa) 2 ALZ ), {AALRS) ALY I, LAA(BE) L DZLTSEANTINTI P}, FLASZOZ
SEARIIBT] LV}, (ARTTES] X1 (AAITEB) Y I (AALITLYa7 )4 1ARLL1TYY, X0, FLARZO7Z
HEAA{136], Y04 [AALISI] (201 LAAI35L).5), (A414D) v LGFM] ELASPOA3
T AR 47 4 INP Yy [AA{4T] o TPBGI L AA(46) L IPFR) L IART&G) (CONS) - [RATGA) L TURLASIORS
Bl 1AALGTIaGL) I BBI4AB],GR], (AN GE) .62 ELASZNZY
EQUIVALFRGE 11803491 STIC) {EAIBSR ) TSN, ITAL34TIalSDYI o ITAL 3k FLAS?O2G
Ty PRNZ Y A AT 2065) .05, (112440, J10), 11A1362) - JPRE] L ITAL4Z 1 50T FLAS2027
ZyU1A03410,507 ), [1AT3407 208251  [TA{A3S] UMMET L TEALBAR] . IMkY]) FLASA02A
By TA(33T ) JHMMZY, (TAT3361, JMFLI, (10335, TTARI 4 LIAI3340.1N7) FLASPOPY
Gl 1At333), IPR), [AR[I3Z] DG, (AAI33L 1002 (AR IIE0NPRES) EL&S2 DN
S, tIA{IZFS I TPIR) S I LAT32ZR] MAV) L LARIAZTILLFE) FLASZOAL
OIMENSTON 1B5{751,C0CT11251.JR5(25) (CCLIIZ5).PVI24) FLASENAP
EQUIVALFNCE [1A170D1¢IBS).tIA{2256},JR5), (AAIZ5N],000TT. FLASAN3E
TURATZTE)2LCC-PY FLAS2NT4
DIMENMSION NNO(Z0] PR3], NAT 4] FLAS2N3S
EUITVALENGE (AAL3001,MUBY, [AATIZ4) PR EABLARSY ITTT] IARIZR] 1, PFLASZORE
I I TAT3ZAT, IMET T FLAS203T
INPT=1HF FLAS?0%8
CALL TICK (1TEM} FLASAN3Y
[ CLEAR ST  dRRAY FLAS2NAD
0A L32 i=1,10RDL FLAS2OA
ISTI=15T+1 FLAS 2042
132 ARLESTIN=0. FL&SP04Y
[+ GEMEWATE ELFMENTAL MATRICLS AN ASSEMELF FLASZN4E
IGEM={CEM ELAS?A4Y
on S99 M=1,11 FLASA DG
INP= NPT FLaSZNAT
CALL CAaS2 FILASZRAR
1ERR=G FLASENAT
O0 1373 l=1,8 ELASZOG0
N(Iy=0 FLASZNS]
K1 )=0. FLASPRAZ
Y{I1=0, FLARZNOST
13% 2i11=0. FLaSanS4
Rl or3se 1=107,32R FLAR2NSS
134 AAL1}=0. FLA%ZRSE
FLASZOST
FLASZORR
FLASZO%Y
ELASZRAD
FLE5704]
FLASPNAZ
FLASZ0A3
FLagZngs
FLRS2DAS
CALL TR FLASPNEA
o0 §8 F=l.1H FLASZDAS
RODGTI=RITY FlASZO6H
IF tMITH] 9HOC,97,98 ELASENAT
9d CONTINUE FL&a&2n70
IM5=IH FLARZOf
Gu To 2 FLAS2NT?
Y00 1ERR=2 FLAS?NTI
1 WRITE OUTPUT TAPE A, 111, M.1TFI.iFRA AS207&
111 ELESAT [8M ELEMENT, 214,2%X,2900E5 UNACLEP IARLE. RISKFGARNEN, (1R) FLASZOTS
WRITE TAPF 1TAS M. ITTT, ITTH MAY, TMS. INS. P2 (MITE I=T, IME) (8110, FLASZDIG
LISl IDS2) s (P T11apviTl, 21115 FLARANTT
IERR=1 FLASZOTH
6o TO 999 ELASPRTY
Y Ims=1-1 Flas2040
2 ITE+ITIC FLASAOR]
S=1mMS=INEG FLARZOHS
TE=nALITET) FLASPORY
T CTTEM) S72,972.971 FLASHD A
il INTI=I0T+ITEM FLASANEG
BT=480 D71} FLAS2OME
Grd PR IS0V 9T4.974,973 FLAS2DRT
Y3 IDYI=luy+Jsny FLASZORE
PREABLINDYL FLASPORY
nGY=06 FLASZNYY
wih TE {JSDEY 974,96, 91N FLAS NG
Y5 INZI=1Nl+d5ni FlLAS2noz
AGZ=AAC IR FLARTANS
HG=DGL FLAS2934
Y& IF IJPRS) HTH. 4T ST/ FLASPOGE
YT TPRLISIPRAIPRS FLASZNGS
FLASRPONE
S¢R IF (ITYPE=1) TD./1.77 BLASZONY
0 HAI=TIAYEREY RLASIOOY
ASLITAL) FLARZNGY
LLASZENY
FLASPIO
GuoTo 73 L ASZL02
Tl TIAT=I1A+{THFT=1}%2 FLASPIOY
ALT=ap(1lal+1) FLASPINA
ALP=AALTIAI+2} FLON2106
AL3=0 “LASFIRA
GO TA I3 RLASIIOY
T2 TEAT=TLE+{TMET=] Y22 FLASIOR
AL =AA{TIAT+L) FLANZING
ALF=RARCIINT+2) FLASILIN

k]

ELA=RALTIAELT)
iF {ITYPF=1) A0} .A07,AD0

[AEIRN]
FLASZLL Y

121



Table VII-15 (contd)

601 TI0I=]](+(IMET=1)mZ FLASZLL2 XOTY=x(Iy=Cx FL52222€
GO TU 604 FLasziye Yildev(Ti-cy £152222F
bU2 LIDI=IID+fIMET=1)09 FLAS?I1% S80F E([31=2{1}-C2 FL5?2226
GO 1O 504 FLASZILE S600 DO & 121,105 FLos7paa
GU3 LIGI=110+{TMET-1)%2) ELA52117 PP, ELas2pre
a4 E=Aa(110I+1) FLAS?11A uvitisa. ELS22260
GeAAl1101+2] FLASZ11Y 1S521-1D5 FLAS222%
PURE/IZ.%G}-1 ., FLasz120 DG 7 J=1.10s FLASP?2¢
KELT=IELT . ELa%A121 155= 1554108 FLASZPRT
50 TO 1504,504,504,504,502,502,502,502,503,503,502,507 507,502,  EL&SZ122 2 S1155120. ELaszRPE
1503,503,507.5021 . KELT FLafllaz & COMTIMUE FrA53229
50z IF (ITYPE-1) 5021.5022,5023 FLASPI 24 IF (DT) 82.d7.82 ELAS?? 30
5071 IF [I5TR] 6021,4021,4022 FLagilay A DO A4 |=1,IHS FIlLASZ2Y
6021 D331141])=2,9G/ (] .~PLY ELaselze IT1=1H5+1 FLAS2232
D33[2421=D3311,11 FLA52] 2% 122 IMS* 11 FLASA?73
D331, 21=03311,119Ay ELRSZ128 WYL I=%1 1 =nT=ALL FLAS?? 34
GU TO 5D23 ELos2129 UVEITI=YEIIeDTRALR TLAS2235
6022 D33(1511=2.8G3(1.~PUIZ{1.~2. 5P} FLasalso By UVI1Z)=L1112DT2AL FLAS2235
D33(2,21=03311,1) ELASZLTE 63 CALL STFSLIELT ELASZZ37
REEISREA LI LAY IS LITR ELASZ132 5041 IF LINP-1) R, 86,85 FLa$2238
#023 D331L.30=0. [LAs2133 BT FORMAT [////2075/12F10.3/22F10.3//15114,F17,4,5%011} FLAs2230
93302.3)-0, FLASZ1 34 85 WRITE DUTPUT TAPE @ ofT My INIJ] d=1aBla[ELT4IMFT, [TIC, ITEM, JPRS L JARELASAPLD
D22{243)=6 ELAS2135 TE 4 dS0Y S SOZ2 WK - UNF S0 ID5 o (XL o ¥Ed i Z0dFad=b B1a L1 SEIN, 121, [DE2IFLAS22¢L
TF TIELT=51 5074.5074,4075 ELAS2I 3L BB IF CIERRL 1.861,1 ELAS2ZAZ
4025 1F (TELT-6) 50RG.5024,0024 FLASZ137 931 IF (D73 452,954,952 FLARZZS3
L024 E2Zi1410=6 ELASZI 38 934 IF {DG) 952,955,952 FLAGRZ bl
E22(1,21=0. FLaSZI39 9551 IF {DGZ) 952,553,952 ELASFR4S
F22(2,2120 FlLaszlan 952 CALL DMK (5,0V,1DS,P) FLARZF 46
GU TR 5024 ELaS214l 9531 IF (1PAG) 957,957,958 ELALZZ4T
G022 03301, L1=AA(TIDI+1} ELasz1az 998 IF {IPRG-TPEN) 959,959,957 FLeSpZes
N33(1,2:=A8(1101+2} ELASZ1a3 939 QO 955 {=I1PRG.IPFN Fl 82249
D3311,31=44(1T0T+3) glﬂ521‘; NELP=CONSSGL ]} EL2SZ250
03302.21=AA1TID]+4) LAS214 =PRENSP FLa
D3312,31=8A(11D1+5} FLaszlan ?Szfnngan)E;L; Ftnigggé
D330343]=8811101+6) ELAS?147 DO 956 Ja1.INS FLAS2253
E2Z11.11mAAITIR]+7]) FLAS2Y 4B [REY TS FLASZ7 54
E2ZML1.2 =AML 101+8) fLasalag 956 PLIJI*P L1 +DELP+EPRS FL&322%5
ERRI2, 2 =2t tlDl+4) FLaszl5g 955 COMTINUE ELASZZ 56
) G0 10 074 ELASZLS1 oui  1F [ENP-1) 9532.9532,9531 ELASZ25T
5023 DIBLL,11=221LI0I+1} ELasils2 9531 WRITE OUTPUT TAPE 6,9533,(1.P111.1=1,1N5} fLat2258
22301 21=Aar1IDI+21 FLAS2153 3533 FORMBT [//{8{IbeE13.4,5%))) FLASZ25%
D3301.31=AL1TIRI+4) ELAS2] 54 2313 DO 9B 121 10EC ELAS22 600
03312, 21=a8t1101+7)1 FLAS2155 N0 9% K=1,IM§ FLBSZ2h]
D3302.31=Aa8711LD1191 FLAS2i56 TE=IMS&{I=1F4K FLASZ? H2
02213,3)=/A011D1414]1 FLA52157 [S= IDEC®(MIRI~1)e1 FLAS?353
E22(lel)=RBFLLDI+121 FLAS2158 18E=IE~IDg FLASZP AL
E?2t}.21-8aci1nl+zo) ELAS?159 CALL DARN {15.IRS.CCCILIRED £La§2285
E2202,2)=ARt1TDI«21) FLaszion 1€ [IQE) 107,307,308 FLASE} 66
9024 D32, ] 3=D33{1,.2) FLASZ1AL 07 1ERR=g ELAS2767
032031 3=03311,3) FLASR162 GD T0 1 FLASES mf
D33(3,21202372,3) FLASZ 163 304 U9 393 10=1, |0 £LAS2244
E22102,1)=E22{1+2) ELeSzlbe 1552 1SE ELASZ? 10
GO TD 504 FLAS? 145 CONRI=ELCTE 0] 9CFE FLASZ2Z 7L
505 IF IITYPE-1} 5031,5031,5033 ELASZ1bE T8a185(10) FLAS?272
50%1 EE=E ELaszler IFOCCCURYI 917,911,002 ELAS??73
GG=G Fraszien 912 IDEFI=1DEF+ T ELAS?2T4
00 5032 1=1,21 ELrs2lee SATIDEFTI=AR{IDEFII+CCURISPTIED FLASZZ 75
5037 DElil1=n, ELas2l70 SLL DU 93 Jol,TNEG FLASZ278
DEIITI=2 AG6* (L. ~PUY/11.=2, %RUI FLASZTT) 00 §2 L=l.I#§ FLASZ2TT
DELLZI=02L1 L1$PUSIL,—PIf) FLAS2172 I55-155+108 gLas2zve
D21 E3I=h2112) FLasz1 73 JE=TMER{J=1)4L ELASF? TG
B2LETIwD21M1Y FLASZI74 J5=IDEGH (NILI=1)+d FLAS27A0
NZLIRI=121(2) ELatzlrs CALL DARN (J5.JAS.CCCILIOE ) ELASZZBL
D2Le1zI=02111) ELAS2174 IF (JOF} 307,307,408 ELaSzzn2
B2liler=ty FLASZ1T? 408 DO 392 .0=1,J0F FLAS?2RY
DZLE19)2GG ELASZ1TH COURI=CCES1 07 £Las22g4
021171 1=G6 ELASZ| 79 JR=JB51JQ) ELASi7ES
GO 10 5y ELASZ1RN F=CCURIACCURS FLAS22A6
5013 DA 8034 §=1,21 ELAS21A1 IF (F} 913,392,913 FLESZZRY
o LIBIT=iInI+l FLaszlez 913 IF LIB=IND] 914,914,915 ELAS 2780
503« D2LITV=aRt LRI fLasziaa 91h  ASUIDEFI1=AAUIDEFTI—F5 (155} ELAS22R9
504 1ERR=0 \ ; tL:gginﬂ G0 TO 392 ELASZZU0
[ 15 THERE MULTIPLE ELEMENT EL Ay 4 -
IF (1ELT-5) 2100, 4900.409% FLASZIRE ;;; gsllfﬁ‘:g’ 392,816,918 Et:;gig;
4695 I[F (1ELT-8) 5100.4900,4700 ELASZIBT 1STI=1STalad 11l 1% 6= 1 ELatsrad
4700 1F TTELT-10) 5L00,4900, 4400 ELasatee ARCTSTEI=48218TF)+E05 11551 ELASZRT4
4800 IF (IELT-12) S100,4300,4850 ELAS?IAG 39z CUNTIMGE FLASP2GS
850 IF CIELT-L4) 5100,4900,4430 FLASZ190 92 CONTINDE FLASZZYs
4HBY IF T1ELT-163 5100,4900,5100 ELES2L91 35 CONTINUE FLAS2897
4 THERE IS MULTIPLE ELEMFRT,CUT IT [N B[FCES ELAS2192 193 CONTINUE ELAS229HR
ABEY I TTT=D FLASZ193 94 CONTINUE FLASZZOD
TELT=IELT+L Flas2laa a5 CONTINUE EUas2300
Uu 2890 T=1.4 FLaszias If I11TAS) 9981,9981,9082 ELAS230
SHYO NCII=NUTIL) ELASZ196 9347 OD 9383 l=1,10% £L8S2302
GO 10 4902 ELAS2197 '
PYITI=PLI; FLESZ3N3
<900 INSI=INS ELASZ19A a FLAS2304
00 801 I=1.4 FLASZESS 9uas pilie=a. S
“401 MOT{ =ML FLiizz00 CALL DMM{3.UV,105,8) ELASFIDS
Y502 CRLL COTE 11TTHI TLnsaaon HRITE TAPE ITAS MaLTTTy ITTM NAY, INS TS, 1DSZe (N1 13y =1, TS}, 05111, FLAS230S
CFEs.s FLesson2 11=1, 1052}, (P{11PYiE) fal,ID§) FLAS2307
5100 J1=117Te1Ns FLAtIoNE 29111 CONTIWUE FLa%Z308
PR Fincrone Y99 IF (ITTT-1TTH) 5100,9950,9590 FLAS23I09
oIt 9990 IF INAV-Z] 99,4889,99 FLAS2310
TITT-ITTT+1 FLaszzny 99" CONTIMUE FLasaaLl
IN525105% DS ELASZZ06 NP NPT FLASZ312
iy ELE22080 TF (INP-11 232.232.233 FLASZ3L%
CZx0, EL$2706D 233 LEND=IST+IMAD FLAS231E
NN 5500 1=1.kMs EL&S2PDT FSTLwISTel FLASZ3LH
Jii=dtsl FLAS2204 WRITE OUYRUT TAPE &, BT1.1T,88010.T=1§TL1END} EL252317
J=NOOLS I ELAS2ZDa 471 FORMAT (1W1,8ZHUPFEH HALF OF THE STIFFMESS MAYR[X AFTFA B.0. IMPASELASZ3LR
N{TY=g ELA32Z10 LED FOLLOWS./B3H ROW L1STI4G. FOR SANDWINTHS SEE THE TABLF FOR MESHELAS?312
IE L) 11,5450 ELASZZ1I 2 TRANLOGY OF REDUCED STIFFNESS MATRIN, /77 (6016 ELb.beicX) }] ELA533D
5450 IxRJeIxX+.t Flas2212 IDEF1=1DFF+t FLASES7L
YY1 e} ELas2Z13 1EKD= 1 DEF + I 5UM FLAS?122
lezimiEzed ELASZ7 L4 WRITE DUTRUT TAPE &.BT11.11aAALT)  1=1DEFL, (ENUI FLASZ373
XTIy mAACTHNS ELAS?715 BYL1L FURMAT (1HL,3|HREDUCED LOADING VECTOR FOLLOWS./ /¢ (S{16F14.5.4%1) IEL852404
MASREELISE LAY ELASZZE 6 232 1ERR=lU FLASZAZS
FU1) =AM F22J102GEM ELAS2ELf IF (1Tas) 2323,2323,2324 FLAS2324
CHuCHN+NLTY ELS2717A 2324 REWIND ITAS FLASP227
CTY=CY+Y 1) FL522178 2323 CAMTINGE FLr%23248
£r=Cza2 1) HETII8 CALL TICK (1TTa) FLASZ3Z9
IF (I-11 5500.5500,5640 FLASZZ 1 C2T=1T1H FLASZ330
5400 XDLI-1)=X{1)-X(1) ELAS?P19 C2T=C2T/50, FLASZ33
Y-l fr=vin FLASEZ20 MWRITE OUTPUT TAPE £.5555.C27 FLAS2332
Z0MI-1)=Z0Ih-201} ELASRZaL 5445 FURMAT | 21H GEMERATIUN LINK TOOK.FT.7:10H SECONDS.: FLAS?33]
5500 CIONTINUE FLARR222 INe=tpuT FLASE334
CX=CXsCIME FLE2222R IF LIMS=2} 2321,2321.,7322 FLA52335
Y=Y g ELS22728, 2371 CALL CHAIN (1. ITAR} FLAS? 334
CZ2LTAINS ELS2222C P22 CALL LHAIN (3.1TAP) FLAS23T
DO 5501 I=leIMS EL$2222D ELntzaa
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Table VII-16. Source program listing of
subroutine ADM (Link 2)

- L Al
CEzapM FZANMONY
SUBRAUTINE ADM 15,105 8-M,15,33,0) F2ARMAN]
c ADDS SUBMATRICES TO FORM STIFFMFSS MATRIX F2anpnng
DIMERSTIN AlbqgklyS5010 E2ADMN0 3
P10 1a1,M F2AuMong
15=1R+1-1 FHADMOOS
LE TIR=gB] 1Z¢11.12 FIARMOOS
1l I=1 FPANMODT
G 30 13 F2anmnng
|3 Ji=1 FAADMOND
15 DO 90 Jdm i,k F2rpmunLR
JE=JBa-1 F2anmnLl
15827 85=1121n5+15 FPAMOLZ
SUIES)=5{ 185 )+211,0)%0 ra2anmnn i
ISR=415-1 1410545 EZAPKO1A
SUISRI=£{155) FZADMALY
an CTHT INUE Frenmiy g
lu LONTIMUE Eaanmny 7
KETURN FPanKALR
END FPANMONLY
P
Table VII-17. Source program listing of
. .
subroutine BEAM (Link 2)

= LABEL
CEXBFA F2RFA0DG
SUBROUTINE REdM FZRERDOL
[ GEMERATES SUBMATRICES FUHL FLERENT TYPFS 2 AMD 4 FPAFAQDZ
DIMENSTION 1AE11, 88010, S{1).NERI,D2VIZ11.03313,31,F22(3,2) EZRFEODG
LaPl241, UNI2aY X180 YEA 2 IH XDET), YILFI 20700 GLOL) FZREANNA
COMMON 1A, AA FPRFAONS
FQUIVALENGE (T8, 8A1, (D21,4032 ), (DZL1E0).E22), (NZL{1G} FI«IN?1{20),GIEZBFADDS
EQUTVALENCE {I1A{T 1< IM) 4 tUAE2Y 4 IANI (TAI3), 1T, {IA{A}, 1P (1AI5Ty EZREAQNT
VIPRS Y, I T&16) . ITYPE I ELATT)y IMATIVITAISI TOEGH, (TA(T], TNXY U JATTODFRRFADOR
EIHYAACIT - 185 (181121 IMMR), (T8I0 IMMY)  (TAILE] TMMZ ), ETALLS Y E2RFLO0Y
FIMFI p (TAILS ) LARE - L18117), M) ) CIA{TS) M) IIAT26)1TY Y, (1A(22),FRBFANLO
LISTA UIAIZEIIFLY H FAI29 e ITEMD (TAI301.ITICI CIAT3TE L IMET), F2aE40Y ]
SLEAL32), ISUMI, ITAIDR], iMNIe LIACSAN, [4S], (1AL3R) DS {T1A13T], EZBFAOLZ
AIOAD), (140261, LORDLY, FTA(3G],ACFL 1o ETATSOT JLT 0 1&051) 5071, FPRFANY
TULAIS2) 4030, LIATSAL,Ja ), I TA154), 3500t LAISS adbda LIA(56],07), LTA(STIPREANIG
BYoJBlytTAISRIJTY) 2 CTALRGT LAB), [1ACADY, IR« LIACALY 1T, 01A1AZ) FZHFLOLS
SILAN (L EATE3 I, DT L IATRGI TNV, I T&{ABY TTFILITTALAY ) ITAR) EPRFENLE
EQUIVALENCE (1ALA6) ICARY, LJAIATI ICIXY ITAISRICICIY I f180a49), E2UFAD) T
FICTZY (1A LTO1 TCFI b ITALTL G D e L1AUTZ) 4 1YY D (180T, 0270 FIHFAOLR
ZUEA{TaY LIC T, (TAITS] TDFF I LiAlfa1 TSTH.(FAETTELT1S) FARFAOLY
3, 0181781, 1GEM}, (1AETO ). IEHR . (AATEDT, TE) L LAR{BL),OT), LAAIA21,OR), FPRAFANZD
LUARALTEA) AL LI, (BAIBG] ALZ2), (BAIAS) ALY [AACAEY NZ 1T LAMILGTE.P), F2AFANY]
SIAACTIZI L UV, CARLLEG) a1, T8AT16T), Vs LAATITIN 7 14 TAACTTON HN) F2RFANZZ
GUARTTHED ST LARILDI) 20} (A2 25T} 8) ¢ LAALAN) L FGEM) F2AEAT23
TL(ARLAZ]  INPI LA 632 IPHG ), (AAL&H)  TPEN)  (RL145) 1 CINNT EAA 261 TUF2RFAGDS
B {ABTATILG1I 4 CAATGRA) 4 G2 ), IAAI&Y],G3) FZREEAOZS
EQUIVALENCE (TALRSI],NIIC), L1AT2%8) I3NTY, LIA(BATIISHY) L (TALRGA) FRRFADZA
LelSDZ 1 (TAEA45), 090 [1AL344 1, JL0 o { 1A1343 ), PRSI (TA(3LZ] 1 URDY) FPREAD2T
2L tIATAAY 1, USDE b, LLAC3A0]  JAKE ), (181339, MMA T CLAL3ER ) JMMY) E2NELNZE
et 1A(33T 1, dMMZ ], (TACRAE) . ME L), 1A(335) (ITASI. ITA(334),1NZ] E2Z0FANZY
4.01A1332), 1PRT, (RA(337)1,D6Y] {AAI33L1,NEZ,{A8{330)PRFS] F2HERO3D
Sef1A{329).1FIR] FPREADAL
DIMENSION A{B,6)3DIRTI 31 UVGI 123, TI6),FOI3 ), PHI2),DUGIZ] EZHFaN3Z
EOUIVALENCE (AA(ZO0} A7 {AAI2T&),FL I (AA(Z37),ARES 1, (8A(ZIRILTIL FRRFADYL
LafAAL2A5 a0 1, (ARIZ40) S ERY S TARI241) y JRY 4 TARIZ6Z) oNY] {481 2641, 0TRIEZRELNTL
2o LAMEBOENUVG T, (ARTZYYL ) PDY . (ART294) PHE {AATRGT] DT TAA{3N0) (TIFZRFANAS
IF (JARE) 10103010110 E2RFAD3E
110 1CARJ=ICAR+JARE FPAFADRT
AREA=AACICARJL FPREAD3H
1F (IMMZ) 10L0, 150,150 E2ZRFADIO
150 IF (IMMY] 101G.1C10, 155 FZRFANED
195 ICEEJ=1C 1Y+ dMMY F2REAN4Y
GU 10 170 EIAEAQL2
160 ICIZJ=1C12+IMME FIREADAT
176 Alls1}3ECAREA/FL FARFANSA
A(Le?i==Al1.11} EAEANAL
AZ1202A1141) FPRFADLY
AL2.3Y=12.4F+ARLICR2UI/IELY3) FPAFADAT
A13.6)5-413,2} FZRFADAA
Alaqaa)=AlD, 3] EARFADSAS
13,5126, 9EFAALICIZI)/IFLER7] F2READE0
A(3,81=A13,5] FZREADSBY
At 5)e=Al3.5} F2READS?
AlbaB)aAl4, 5] FanFans’
A0B,EY=A RERRALICIZINARL FPREBOSS
L0546}, 5581551 FINRANGS
AfB Br=a0F,5) FRRFAORH
NN 200 1=len F2AFANST
na 200 J=l.6 EPREANGH
200 AL TI=ALLS 0D F2RFADSS
1060 RETURN FERFANAD
1010 IERR=L FAREATAL
HhT0 1000 FPRAELOAD
EMN FrRFAMAS
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Table VII-1B. Source program listing of
subroutine CAS2 (Link 2)

» LBREL
[ o LRasFan
SURKRNOUTINE CAS? F20A5201
[ BUMEY SUARNUTINE RACAEPO7
RETIRN FRLASPOD
Eni) FILARROG

. _an
Table VII-19. Source program listing of
- =
subroutine CODI (Link 2)

+ LAKFL
CE2COD F2CAnnon
SURRMUTINF CON1 Fzennanl
C NRTALMS IRAMSFOHMAT [t MATRIE BF LIIGAL-DVYFRALL FOR L INF FLFMENT EACIN0N2
DIMENSTON [AT112838 01 S (1) NIR)L12TT211, 03313, 3}, E37 1331 FRLNDON3
LaP 124 )y INIZ6Y AERYTIET ZL41AD 0TI ¥NIZ I FDETIaGLILY F2CNDN04
COMMON T4, A0 FRCONROS
EQUIVALENCE L TA, AN, D21 D330, INZYIL0N (F221, (DP9, F 2y 17200, 182 0ANONG
FQUIVALENCE {(JAC11, IN1,(1ACZIIRNY, (38E3)FT1 CIALG] 1P 1]ALS).  F2COD0OT
LIPRST g DIATS ] TTYRE ], (FA(TI, THAT ALY, TDFG)H 11A(S] TNXTLLTATIOY, FRENDOGA
2T, IFATTU R T8It 1A0L2) (MMl (1TACLIRY IMMY I TTATLS) TN, (TALTS), FRCON0DY
TLMFT], ( 1ATTA 4 PAREIC(TA(LTI ML) (TALPS M1 TIALART, ITY ] LTALPT) F20N0010
A15TR - LTALZA N, IELT Lt LAC29 by LTFMIE1AT30), TEICH, (TAI3T) . IMET) EZCnNOY}
SUIACS2) ISUM) L bTATI2), TN, TATSE)  EME o { TAL3A DRI, (18T FPLUNOLZ
SIDRD Y ¢ LIAT3RA Y TORAT I LTALIF)GACFL o tTA(SO3, 00 b (TAISTH IR0, E2CORO13
TUIAGS2Y 031, (IA(53] dt] {1A{B4} .05 LTAESS T d6)  [T8156) 4TI {TAISTEPLNNOLC
BY o) [TALSEN T 4 1AL5G) 4 IRR], (TATAD} L IRDI « C1TACKYI - 1IN 14162} FRCAROTS
FITAT {TALEY I Y LIACEA ) TNV, 18RS, ITE)C1ALeL) 1TAR} F2LNNNLA
FERQUIVALENCE {18(hAT,IRARTy LIALSTILICTX) L ITATARY, FCIYI L EACRDT, F2inpnt?
TICTIZ At TALTO S ICFI 0 1ACTID o IXX L CIALZZY L EY Y ), (TALTA) T2 EPLOIGLE
PUEAIZ41,T1C) N LEITS L IOFFY  (EALTRIESTI01817T1,T18) F2CHD0YG
Aol 1ATTHY L IGERY (T IACTIY, IFRRT W d ABCHO}TEN CRRCAT] DT (RACRZI NG, FRCUDNGZO
GUARIAR] ALL s LAATHG 1 AL ] (AA(BS) 803 ). (RA(RA]NPLIIAACLOTE.P).  F2CODOZL
SURATISLI VN CARILSSY oW1t ARCLEI 1 ¥ Do (RALLITLH. 7Y, (ARILTS XN, F2Lannaz
GUAAILISE},Y0 )2 (AAELT3] L 2NT, (ARIASY),SHa IARTL0] . 20FN] EICON0ZS
T (ANTAZ} INPY [AATGAY, IPBGE . TAAIGA) L IPFMILIARTES] (CONS) < (aATAR}, INE2CODRPA
HYJLARLGTFIGLT (AA(GRYGZY 1 A8(4g),63) E2CNROZS
EQUIVALENGE 1FA13491,MTICH (I&(36RF-1SPTI . ITAL24TI(ISPYI 118 {246) F2LONNIE
1015021, (TAI3E5 ), 045) , FIALE&41 101 (14243}, JPRET.{1A{342) +450Y) F2Cangzy
ZotlAT36L 1, d5R7 1, (TAI3ANT L JARF oL IAU3AY ), MM}, (1A 132A),JHMY) FALOODA
3y UIA(33T 1 JRMEY, T1AL336 1 JRTT) ITAT335] . [TAS (1A {33a],1NT) FACOR0ZS
Gy LIATHE3 1 IPRI CABE332),D0GY ) (AR LA DGEY L ARI3300.PRES) FrLODN30
S E1A3RYI IR F2Cn0n3l
DIMEMSION A{6.61-0TRI32HAMATLZN, TIA) FIH 2PN DUGEZ) E2LODOTR
EDQUIVALENCE [AATA001, A1, (ARIZ361.FLI.[AAI23TI(ARER D)y (ARIZSIA), L) F2CDN0O3A3
1.088{2364), 3o LAAGRANT 1R LAREZELY (IR 1 (BATZ4R) (MY ) (BALRA4 ] DIRIFZLODNAG
2.{ABT306),IWEY, LARIPST 1. PO TARI 296 ) PR ) (AR Z97),NN6) 4 TAREI0NY, TIFZLNN02E
EL=SOKTFIXGLLI#XNY I+ YD{11aYNILI+ZNEI 70011 FFLODNG
IF (ELy 101l0,1010,110 EPCANNAT
LLn IF tIELT-3) 115,750,115 FFENNN3R
115 DIREL] 1=XDE LY /AFL F2LNDO2Y
DIRTL¢21=¥D01 IR FPLARG 6D
DIRCLy2)=70011 0411 F2LN004]
IR {JKMFI] 1010,710,130 FACINNGR
210 IF CIGEM) lolo, 220.1018 FRLO0043
130 ICFEJ=ICFI+anF] FPCNDOLS
1F (ARSFIAAIICFIAN1-90.) 140,140.1010 F2CNN0aS
146 FI=8&(ICFIJ143,14)59767 180, FRCONNGH
IF (F1) 144,146.14% F20MN047T
la6 SIGNFI=—L, Lgonpnag
Gid FIL 1wd 200049
Tuh SIGMEI=L . FACTINGRA
Lo TRCABSFINTRIT 1) )-1E-3] 15041304140 F2COD0ST
lon IF(ABSEINTR(1.I)I=-,AF-2) 1HO,VRULLYD F2Cnnns2
160 DIR{Z.2]=-COSF{FT) FROONNGT
A50=DTAIL.11enIR{1, 11 FRCON054
AX=1.+UIR{LZIENIRILL 314050 200059
IR[L+21#0MREE, 240 R(2,21/ 450 E2CND0SE
CX=NTRIZ,AI¥DIRIZ20+DIR{T 21 2DIRIL.2IFDTRI2.2I*DIRI2,2]) F050=1. F2LONNST
RIKL2431=(-BA+SIGNF IRS0RTE [KKERX-BXSLAI P AAX F2CNO05a
169 AIALZ 41 b= {=NIRIL A EDIRIZ 02 1=DIRI Ly 31 &NIRIZLS1IA0IRIE, L) EREONNse
G0 TH }Sq EILONAD
br0 RIRG2,2)=COSFIFT) FZLNNNAL
DIRIZ.31==DTIRIL-2I*NIR{Z. 2} /NIR{L, 3} FACNNaAZ
BIRIZ413=S1GMEFI=SORTFIL.~DIR{Z.2I*NIRIZ,FI-DIREZ, IIENIRIF3) D FrCANNGT
G0OT0O15G F20NNNAL
THO DIRIZS3)=LUSFIFTL R2CANNAS
DIR(Z,2)=0. FRLONOKA
NIRIZ,L}=SICNFIRSURTF (L, =3RIZ.31¥NIR[2.3}) RO BL LY
140 D1RE351F=A1R 11,2120 IR(Z,23=DTREL, 3)00IREZ.21 FALODOSEK
BIR(3,ZI=—NTRI1,1I&DIREZ, 33 40EKI1aFISNIRIA41] £2CN00AY
DIR(3,3}=DIRI1,1I2NIRI2,2)-DIRUT,21eNIREZ, T} FRLODOTD
G TO §000 £2CO00TL
A0 NIRIZ411=-NTRIL. ) F£20N0072
DIRIZ,21=RIRII 1 F20AROT
DIR12.3)=0 F20ANNTS
NIRI3.3) FACIPOTE
DIR(3.20 FzLimnie
DIRIZ43)=2, F2Lunnt?
G TO Ludd FRCONNTH
230 DIR(L.11=1, FrLamuty
DIRIL.21=0, F2CNNNAG
NIR(1,31=0. F2LONNRLE
DiRIZ411=D. FrCcnn0Az
NIREZ)23=X0L11/FL F2LONNR3Z
OIR1Z,3X-¥N{1I/FL FACNp0As
DiKE3, L=0. F2CONRAS
NEREZ,21=-DIR1Z.3} Facnnnas
DIR{3, 3I=N1RI7, 7} FZCONART
10U RETURN E2CTDOAR
160 IERR=1 FRCONDRY
ClTa LoD F2CNDNSn
FHD FCnnngy
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Table VI-20. Source program listing of
subroutine CORT (Link 2)

" ABEL
CEALRT FRLRTONG
SURRNUTINE  CORY F2CRTOM
< UKTAINS CUORDINATFS (IF TRIAMGULAR SHFLL FLEMENT IN LOCAL COORBNTS.EZLRTON?
DITHENSTON TAILY ASTIYST N MEED2ZIIZ1)a0N3312,31.F2213.31) F2CRTOOY
TyBAZR1 UV Za3 XA YH)  ATRT DT YD W 00 Lt FRZLRTONS
COMMON T4, 44 FICRTANG
FOUIVALEMCOIT28,58),(N2L,N33)0 . [NZ21110],F22),4P21[19).E).ID21(20),GIFZCRTOMS
BOUTVALENCE (IACLI2INI o (2ACZ) IRNT(TAIZ)LIT T Gl IP) 1A lS), F2CRTODY
LIPRS)I (TA(BT«1TYPEY+ 1ALT) o IFAT L TAGRL G TDEGT CIATS)  INXY (LIALLD) L E2CRTNOA
PIHIZCTACIL)YTRN, (EACL2 2 IMM )  CTALLI 30 THRY i fatla)  ImME )L {IAC15)+F2CRTUNY
ZIMFI N (TATIAY IARELy CTACL N L) e CLAL29 Y M L IRIZ261 e TTY I LIRIZTIF2LRTOL0
GISTRYGITALZAY L IELT ), 1AT29) L ITEMILLEAID3O], TTIC), (1A JaIHTT), E2CRTOL]
SETAC2ZYp 1SUMY TR 33 p INN) L {TATIZ4] cEMS ), EFATRA) + DS L IALRE), E2CRTOI2
GIURDYyELALBATLTNROLT . C1A(39), ACEL Ny (TACRO), 1), 1AL .J2D, E2CRTOL 3
TOLALSEY o0, (FAE53)  Ja) o LIA{S41 05 1a (181551406 110{5A) AT (18{5TF2LRTOI
A Al LRGSR ATV )0 LT RIGGTI TRE) S LIALAD) A IRDI (1A{OLI-FTMI A (18 (62)F2CATOLS
GIIA) - LIALE2 I IDT ) o LIALEGIy LUV bl LATGR) a1 TH] o LTALGT bl TAR) FACRION G
EDUTVALEMCE (1ATEO N, ICARY, (F&16TH ICTX o LTALGRI, ICIY N (TA(RS], FZ2CRTIQLT
TICHEY PTALIDY G IOEI Ny CTATTLY LI RE) L TAIT2 I IVY ), LT&LT3N L 17N, E2CHTOLA
POEAITA)  TICH, (Bt P5), JUEF ). (A (Fa).18TIL1a0T 7). 1151 F2CHT01Y
A LIACTRY G IGEM) . [1&{TI) JERRY  (AB(BOY TEN (ABLEL) A BT I, (RA(R2] DG, F2CRTOZN
SORAIAZN WAL ). 1ARTE8 ) AL2) - {ARIRASI AL} TRATEB6) L] LAALLIDTLP), EZCRINZY
SORATIAYD UV I IARTISS ) 4 X)W EART AT} Y I TAALYTI Y47 )2 TARLITIILXDY, FZ2CRTNZZ
CUARTLEL Y b, (AAT 193,400, {AA[IST .50, LAAL40), 20EM] F2CRTN23
TelARSZ) 2 INF I OANSTY W IPRG) ¢ LAALG4 ] EPEND L [AATLSY (COMSY (LARLAAY TUFZCRTO S
HYetAALATIGLY, LABLAR) B2, 10849 ,63] EZLRTDZS
COUIVALENCE LTA{349) NTIC), (FA{34R] L ISDTI, {1A034T), TSPY ) (1AQ340) E2CRINAG
TplSN2) o ITATAGY J9hy LTADIA4 ], IO { 1A{343], JPRE) L LIAL3E7) 4 50Y] EPLRTDAY
2o (FAI2A1Y 0502 [1A{A40)«JARRY 2 [TACZ39) 2 UMM o EIALIAEY « JMMY ) F2CRTNZR
B (lAG22T) . EMZ L IACARB], UMEL ) CIAT IS 1 IAS ) 44 TAE334),1RZ} F2CRTOZZ
Gt TAI23E Y IPR)«(AMIIAZ 14 DGY . LAAL331).0G7),1A8133D].PRFS) FZ2CRTO3D
S UIRE32YY L IPTR] FPCRTNAL
NIMENS THN BURX L3 DUNXL) F2CRIN3Z
EQUIVALFNCE  LAALZ00),DUMX) 5 1 A20203 ), (HINX) FPCRIDAS
DIMENSION FMid a ) BN L&) 200880 HIRE3 03T LUKILHY EZ?CATA3Y
EQUIVALENCE (AAI2U0)«EMI, IAREREE} BN (RS2 ,FA) . LAAI24R), D), FZCRTO3S
LAM[RE4 ), DIRI(AALZTHY 41IUM] FRCRTNG
ELaSOMTE (ARG J&XO 0L +¥O [ LIy L}+207 1 eZ{1)]} FEACRTO3 Y
DIRIESLI=XDI1L/FL EZCHIATR
DIR{1,2 DILI/FL FPCRTO3YG
DIR{Y 21=201L1EL F7LRTOAD
UTRES L I=DIRIY, 212200 2)-NIR(1,3}2vD{(2} F2CRTO&1
OIR{3421=NTR{Y,3)*UO{Z)-DIR[ L. L3220 7)Y EZLRIDAR
DIR(3 21 =DIRI L PIBYREZI-DIROL . 2)4¥04 ) F2LRTHLE
EL=SORTEIRTREL1IeNIREA LI +DIRI3 2120 IR (3 2D IR3, 318D IRI3,35) FACRIN4G
CIR(3,11=NIRIZ.11/EL FICRTOGS
UIRI2.2 IR, 2008 FZCATNGS
(AR N B ) IR13,31/EL FZCRTOGT
DIRLZ41 TRIZ,21eDIR(L 31 =0LR(3, 2)NIRI1,2) FPLRTOLA
DiRI2,7 TRE3,31NIREL. 1) -DIR{3 11« IR{T -3} FZCRINGY
DIRIZ.3 TRIZANDER{L 21-00RI3,2¥50IR(L L F2CRTAOSO
D0 L I=1.3 F2CRTON]
BUMECY =X (1) FPCRING 2
My g [3Y] FACRTOGE
MM 3 3R FIERTNS G
) 2 J=1.43 EXCRTNSY
E2CRTNS A
1.3 FACRTOGT
3 RUAX L =DUNX{O T+ IR R T DUMK K FEZCRINSH
z CONT ENUF E2CRTOSY
XOli=DumX {1 EPLRTNAD
T =DUNKL2Z ) F?CRTNAL
1 7U1)1=DUNX{3) CPCRTOR?
DD 6 1=2,3 FACKIOBS
X I=1teXf1i-x01) LRLHFOsS
NI -1 0=Y 3=yl F2CRTOAS
& M I-L1=fg11-241) 20K TOAS
RETURMN FZCRTOAT
EHD FACRTNAS
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Table VII-21. Source program listing of
subroutine CUTE (Link 2)

LaRFL

T E2CUTANN
SUBRUDTINE CINE [ITTM} FZCUTOML
CUTS YUANRTLATERALS AMD HEXAHEDROMS [NTO THRIAMOGLES ANO TETHAHFIIRNSEZCUTONZ

DIMENSTON JATLYLAA(LT L5011 NIRRT D2L0Z1N N3313.31.E22(3,3) FZCUION:
ToPEZa ] UV 24 X UB ) YT 2By XOOF oYU a2 00704 B111 ] F2C0TaN4
CUMMON fA.an F2iuTnng

EQUIVALENCE [T A, AR, (020,033, iNZT1ION.FE221+ INZLI1S),E} N2 HI20) L 2IF2C0T00ER
EQUIVALENCE CTA{T 14 INY (TALR) RN}, (FRE3) 41T, (FaLa), 1R} 11RIS). EZCUTONT
FIPRS Iy 0 BACS L ITYPC I LTAIT ) IMAT) L (1A LH) L IOFG) (14091 INXI A LTATLO N F2CUTONE
PIHY L CLACIT ) TR (TATI2)  1MMX ) (TACL 22 IMMY 1, (FAILC) [TMRZ) L 1AIIS] #R20I1ANT
SIMEIY . (TA8(Le TARE) « CIAILT LR L) DA VERIZS I M I TFRIZ 01 TTY LI TAL27),F2CUTOL0

GISTRY UIACZRY A IFLT I 1AI29 e TIFM) ( TAIBO.ITIC) (181310 . IMET), EFCUTONL
SUIAI3RY «ISUMP e DTATS3 ), IND ), (TAT340, THS ) [ TAT3A), I0S) . {18137, E2CUTRLZ
GUORDN, (TA12B} L JORDLI  CIA(3G),A0E0 ¥ {ERLEDIWdL I (TALS11 4072, FRCITR3

TUTAIS2) 4 3] o I TRIS3) - da ba ITAISGN U9  (IAIS5) 08 ) s ITALISAY AT, LTA{HFF2CHTOLA
BYedBY  {TAI5B ) JTY)el18{SG ) IBBI« [1ALAOY (TROT L IALAL] 1IN (I TALE2],F2CUTOLE

FIIAY s LLALE3 N TOT L IAISR)  TNF)L I T&LEST BTFIL{TATAL), {TaP) E2CuToLs
EQUIVALENCE {1A0AA), ICARY . LDALATY, ICIX N (JBI6F ) ICEY Y. HHALA9), F2ouImT
TICTZY 4 ITAIP0 L ACF I} fTALTL o IXN] L TAT2) 1YY I IATIT3.122), FACUTONA
SUIACTE L LIC) o (IO LTI N IDEFY I TATTAY ST ITRITIN ]IS EZCuTNL9

3el1ACTHY IGFM ), (EALTU, TERH I LAATIBOY . TEI L LARLRL D DT fAALBR),NGY. FICUTDZO

CIARIR3) ALL) +{AA{BAN AL2]  1ABLAS) AL2) S [AA{ARI 2L, LAMI0TI4PY, T2CUTNRL
STAATLBLI MY s CAAT TS ) X D (AN LOI Y o A8 T, 20 (AAL1TY) A XD FACUTDZ2
BUAMIIDGY YD) o TAA{L93), 20}, 16813513 .5) {AATGO) < ZGEM) FZLUTNZ3

Tol A2 Yy INF] 4 [ARLA3 ) [POGH I AAIL4]  IPENT I ARTAS] (CORS o IBALAA) « ENIF2C1ITOZ4
Bl 1A8 14T, 61 ) (ARIARI G2, IARTGY ]G3 FZLUTAZS

EQUIVALENCE 1TAT34S),NTICY, ITA{ALH], ISDTI, (JRI24T-150Y). (1413248} FACUTHIS
1y IS0Z1.01AL345]1,09) p ITAI344Y 40100, (1803431, PRSI, (FA1347), 0507} FaLnn2zi
PrllAl341 ) SO )i 1AI3AD L JARFY . (1AL 339 UMM (AT 358), IMMY FACHTDZA
ZeCTALSIT ) JHME ) {JA(2A0) A JPET ), (TAL335), ITAS) CIAT2%4) . TN2) F2curnzs
g CTAI333 1, IPRY. (AA1332) . BOY ] (A4 3311 NG, (AAL 330 . PRES) F2CUTO3G
Sy l1AT3IZ9 ] IFIA ) CTA{B2R] Y] F2r0Tn3l

DIMENSION NOOTZ20] FRLUTOAZ

EQUIVALENCE (&A{30C),NOO) . 1AL320), IM5T) FACUTAAY

RAV=NAY+] EFLUTO 3G

KRAS=0 E2CUT035

KNAO=0 FALuTO36

IF IIELT=1Q) 110,120,110 F2CuTn37

Llo Itip=2 F2CUTR3RE

IM5=3 FRCUTOAG

JENZ& FALuTRad

TEN=1 FECUTN4Y

GO 7O {130,13115) ,KaY FrCuTne?

L15 KBAS=1 Fachnas

G 10O 130 E2LNTN G

120 ITTM=5 EaCuToan

TMS=4 FRCUTO&A

JEMsZO FaCuTnea?

IEN=2 FPLUTOLE

GO TO (230,1304175) 4 MAY FACUTO4Y

L25 KRAS=4 EZLuGTASH
130 PELT=I1ELT=-] F2CHTOSL

I0S=IMS&[DEG FRLUTNS2

00 400 J=1,0EN FACUTDAD

KENDOS=K N .) FALUTO:

GO T4 (180,190 .TEN F2C0T0%5

180 GO 70 {210,220,230,230,250.210},1 E2LUTOEE

190 GO TO (210,260, 220,270,230, 270,240,250, 240, 280,250,270,220,250, 260F2CUTOS57

z10
220

240
Ea L)
»20

330
“0n
Lun

1,2702220,240,250,2701,4 E2CuTO5R
KEASI=KBAS+] E2CUHTO5S
GO 10 310 EZ2CUTAR)
KHASI=KBASH2 F2CUTOEL
Gt TO No E2LUTOS?
KBASJ=KBAS+3 EZCUTRED
GO TO 310 FRLUTOSS
KHASI=KUAS+4 FRLUTOARS
LN TO 3G FaCHTOAEL
KRASJ=KBAS+S FRCUTOAT
GO TO 210 E2CuTnsd
KBASJI=KBAS+Y C2ACU0AY
G0 TO 210 FRCUTATO
REddasnonrieT FariioTl
U TO 310 FroyuTa??
KBASJ=KBAS+3 FRCUTOTR
1F (KBA3J-I®ST) 23G.330,320 EPLHINT4
KRASJ=KHASI-IMST [2LUTOYS
40 To 310 Ezcinnts
MO KNG =N KB ASS ) EzCUTATT
CRRTINUE FALUTO?R
CONT{NUE F2CuTn7e
RETURN F2LDAD
ENL E2CLTORL
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Table VII-22. Source program listing of
subroutine DARN (Link 2)

= LABEL

LEZURH F RSNG00
SURROUTIME NARN (K5 ,EBS,COCLERE) FEnRMoe]

C PREFARES TNFORMATION RELATID WITH COMSIRAINIS FOR ASSFMALY F20RNON2
DEAENSEON Laf1),a8t11.S1L0,N0#X.D21E211,N3313,31,E22(3.3] F2NKND03
VaPLPLL O I 24 1 X (Y LA ZtR)ROET I YN 20010111 F?NRNONSG
COMMOK TR, AR ERNRNOAS

FONTVALENCE (18843, (D21 eN33), (M20{103,F22),i021019), 81, (D7) L2014 HIFZDRMOOR
ECIIVALENGE F1ATY o lb b  (TATZF, IANE, (18IS o110, ITAIRI,TRICEIALS),  F2ORNONT
LIFRS Yy (TA(B) ETYPEN o FALTI- 0TI (IA{R] A IDEG) - {1A{0} INX}.ITALINNFINFNNAOR
EIHL ETAL L A AT L EAIL21  IMME b o ETALL3] . IHMY L C1A{EA D TMMT Y, (TA(15),F2DRNONOG
UMY, (TATIA) L TARE D O LATET ) NETIT LIALES I ™) o IAL2A1-ITY1(IAL2T) FRDRNOID

AISTRY G (TATAR] IRETH I TAIZHI G TIFMI, ATAIZU o ITILY e CIAI3LICIMET) o FENRNGTL
SETALZZ b a ISUMIGETATAZ] L INNT o TACHE) L 1SS o IAEEO )OS [1A13T ], F2RrNoY 2
BIURL], (TA{381,IDRD11,01A139) . A0FL D 0TRI501,41), (TA151),321, FPDRNDY A

TURATS2Y, 030  (IAL53) (00 o LIATRAN U5 ( IALS5) J8), (141561 ,07), LIAISTERRRNALS
BIadB], (FALSB1 TV tTALSFIFRRT I TACAUI THUE- E1E1611, [IN), 114162 ).F20RNNYS

SITAY (1AIBRE.INTI, LTALAL), INVELIATAS I ITF S 1 AI& 1. ITAR} FPMRMOLE
EQUIVALENGE ITALAAN, TCARYLITALATIELILI I IAISH) ¢ ICITTIATEY] . F2DRKRO1T l' . f
ICTZE, CRATIOELTOETH ATATFT) 4 XX DIACTE) 2 1YY 104 IACTR) A 17200 EARRRE]E
PUIRITA) 1 TCHS (LALTBY, IDEFY ATALTOI, ISTY, ATALFFY, 1181 F2aORMOLS Tuhle v"-24' sourca ngrqm 'Silng o
SetE&ITRILIGEN) A tTALTY) IRRR) (AR IA0).TF) t4ALRT], DT, TAALAZ] DY, 1T2RRRNZD . .
WERATB3) ALL I, IARIRG] ALY, (ABIHE) ALBI. [ARLA6I.NZL), (ARILDT),P), FZDRNOZ| subroutine ELDI (Link 2)
BUAG (1311, UVI,TARTISS) «X3  TARELO3 ) Y1 e (AALLTLY 2] £AB11TY)-AD), £ 20kNN22
BIASIIHE) YOI, [AATI93} 2D} [ARCIDLT VS 1. LACRN) L ZGEM) E2DRNOZE
T CAR 1421, INP L CANGGE] o IPEG) 2 LABLA%)  IFEN) TAAI45].CONS) (A0 L4A]  [UFRDRNOZ S
BlelAAL4TI 6L (AAT4R],B2).TARLGY ) (G F20RNOZS M LASTL
EOUIVALENCE (TA(249]4NTICT IIAC34R IRNT I LTALRGTI(ISDY hod IA(346) EZDENDI L CLaELD FRyLnnan
1o ISDZY, CIAL345 ), J9 0, (181346}, d10), I FALREI L JPRE DL ITAIICR]LASHY)  FADRNO2T SURRTINITINF FLITT F2FLDOOL
2efTA134L), JSNZ ) (TRI340TJARF) S I1A{339) cdMux ], (1AL33R), JMMY) EPARNOZR L ORTAINS UNTT VPCTUR NF PRESSUKE FNH LIMF FLEMFNT FZFLONOZ
3, 01R13371,JMMZT.ITAL3361 JMFTI. (IA1335).1745),(1a(330},1N2} E2DRMOZG DIMENSTON TAIT N AALI},SILILH{BI.D2LIZ1},03303.3] . FA203.5) EIELOO0Y
4 CIRI333),IPRY, [AATI3ZTLDRY o (ARI231).067 1, 1AAL320) , PRES) F20RRO3N LaP(ZG) 2 UNLZAY XIRN Y (HI (2 T8Y ¥DITE, VDI M TE011Y ) FZFLDOOA
SelI&t329), IPIR) FAURMO 3 COMMIM 1A, 68 FRELONDY
DIMENS ION [ME(25),CCCT 1250, 51200, C0CATAR) r2NRNRAZ FOUIVALENCE (T2 440, INP1,8330 ANZLI10 1 FERT+INRLIL91.RE. (OP1LZD 1 GIFZELDODS
EQUIVALENCE (TA12001, 1850, 1141225).JB5) . (AG(250),C0CTT, FZDRNDAG EOUIVALENGE (TACLNINE, (TAIZ 1 THRITIAI3) L ITH I TALA1, 1PY-C1A{R),  EPELDDOY
TUAALZTSTCLE0) F2ORNARL LIPAS) A 1ACAT, ITYPE)  {LATTYIMATT W LIACR)  INFR} 1ALy INX], (TACIN]  E2FLNOOK
FIMERSTIN KRS(13,GECTT} FZOMNOES PURT ITACLLT IR} L1012 o EMARL  CIALER], PRV ] T IALTATIMME ) (TALLE) E20LO0NG
1RBI=TRB+KS FPORNN3A UMY, (EATIST FARFIL{1BELITI N1 LIAIEO1 M) L ETATRAN TV IS HEAL2TYLE2ELONID
KR=1A4(FTBBI1 E7DRNDIT ATSTRY, {IAIPBTIELT A {TA{29) ITER) , LIAL{AD I ITICH I1RAI3T) L TRET), F7ELNOLL
IF IRB+IND) 301,302.302 DU EL BETACAZ) 4 TSUMT L LTA(331-IM0) oI TALAG] 4TINS I TALBAL INS] I TALBT ). E2fLDbCLZ
302 IF (kB) 302.1,304 FZDRNOTS GTORDI S LTRI3R]TORDL . (TAI3ST ACEL 1ol TAISTT,JL b (IATSITL120, FZFLDALY
306 KOEx1 FPRRMNAT TUIALSP b, 0330 (TAISS) J&1 {18(56) J5). (TAISS  Jade{1A156),0T) (TAISTIZELDOLS
[LCI=FIC+KS FANRKOG] B)adB)a t1AISAT TV - CIAISG I IRK)  C1ACAR) L IHAT LEATB1 ). TIN)  {1A{APTTPELIOLS
CCCII=AALTILIY FanRNALZ SIIAY IATAZT 10T A L1AEA4), INY] o 1ALES) I TEY L ITAGSL.TTRR) FZELONG
KAS[1)=KR FRORND4D EAUTVALENGE 1IALAS 1 TCARIIIATAT), TCIRILETAIARI ICTY) L {TAIRD], FRELIOLT
GU TO 308 FPURNOLY LICL2) o (TAUTO) W IEF I (EALTE) (IR LEAI T2 1YY (TE(TRIL177 ) FP?LU\’NH
303 KUHE=L EZNRNDGS FUTALT s I1C)  (TALTS)IDEF L (1R0TE, ISTH, ITAILFIVIISY o EzELENLY
CiClit=t. FPDRNAGA Sy (TAITBIIGEMI  LTAIT9 )N IERRY (RACROL-TF) ., (AALAL I 1. (AACR2]) PG, F2ELDDAN
KRSII1=-KB EZNRNNGT ATAACEATAALL] . (AB{EG]ALZ)  LARTAS]ALZ) L LARIAAILDZTILIANILOTI P,  FRIFLDOZ
GO 10 308 E2DAMOLR SLAALTIL) WUV« {AATYIGS) Kb, PARTLATY (Mt AACLTLL BN {RRLATS) LX)« FRELDOZE
Su1 ICOMP=1000N+KS EZNRMDaY BIAAL{IAG], PN, CAM 1931 4 Z0) . LAA[IRTD, 51, CAMLEN)IGFM) E':NLT)(WB
INMCK=1 FZIKNRSD T U8R 142] TNP I, LARGS3) IRRE b, (ARLA4 ] IPENT IAAIGS) LLONS) {AATGATIUFFPELDNZ S
N0 306 150R=1.1ND FANRNDS ] Bl lAA(GTI Gl [AATGH) 4621 AALGD] (3] F2FLINZS
LROT=IB+1SNR FRORMOS? EQUIVALENGE tlA(znuJ.MwIEl.[|n[%aR).T<hT]-(lA13ﬂ71-lShYl-IIBIBhﬁl FPELNOZA
IF (X&RSFIIA(IBO111-ICOMP) 3né,307.304 FI0RNNST 1, 15024 11413451, 451 (IA(34643,JL0] - (IA1383) LIPRE) . IT8I3RZ]LISNYI  EZELDOPT
30/ IRRI=IBR+IS0R FANDRMNGS ZelTA12E1) . JSNZY e [IACZA0 I JARF ), I LAT338) L JRMX ) L TAT3TR MMy ) EZELNNZA
TICI=TIC+1SDH EZNINNSs Bl LAIB3Y ) a JMAZ Fof [A(336) 4 JHF 1T, L1AC335), TTAS) I TAL334). N7 FRELNOPS
KBSIIMLK Y s XARSFITATIHBL I} F2DRNA S Gy L IA{333], (PRI (ALI3R2) NGY]CLAMCEELT W NRT Y, LAATIR0T, PRES) F2ELAN30
CCOUINCRY®AAITILT ) E2NRNDST B iTAI3R9Y S 1P IRY T2rL00EL
INCR=TMER+1 F2NRMOBE DIMENSTOM ACBe o b DIHI3,31INWEL 21 THAT L FDERT PRSI, DUG (3] E2RLnnde
b6 CONTINUE F2NRNOGG EQUIYALENGE [AASZO0) A}, (AR[236)EL1 L (AACP3 /I ARES DL {AA(PIBII1) T2FLODIY
KHE=INCR=1 FZuNG B0 Lo {ABE739) 000 Y0 (AACRL0) IRY IARIRAT Y, dk) (IARIZL2)NE) 4 I AMIZRAY,NIRIF2ELONL
08 RETURN F2NUNNAL e LAALBUSN L UNG Y. CAALZYL Y (PO, IARTAY4) PR {RALZOT ) (DUGT T AACIDN)  TIERPFLNINAS
1 KOE=0 EZNRMAAD EL=SORTRIXNLLI¥ XD +YD UL YL L4200 L2001 ) F2fLDO36
GO T 3DH EZDRMNGD IF (FLY 1010,1010.110 FAELANAT
END e T 110 ELL=1./EL FEELIN S
FLLI=XD{1)%FLE F2EILNOAY
1131=T0{117EL] FZELDO4D
TISY=£DTLI+ELE :Z:i:ﬁ:;
PHILI=NUGEZI=TIS)-INGIAI*T(3)
BNEZISOUC{ANSTIL)=DUG L) 3T L) F2FLONS3
BNE3) =PGELIST (3)-NUGEZNeT (] R2ELDOLY
I. 'l" f vE‘usQRTFlPNl1|*=ONI;;SP;;SHBN(?|¢DN|1|!FM|=|| ;;;t:}!g:;
- TE AVEL~. IE-%} 220,220,
Table VII-23. Source program listing o 2o DhotveL rionet
] H &0 TN 1000 -
subroutine DMM u-ll'lk 2) 230 VELI=1./VEL FAELNEY
n3 300 bsle3 EZELLASO
300 PNCTI=PMIT IaVFLI CE e
FLALI=TI3TERNI3I-TI%)APRI 2] F2FLOAS52
POCZI=T852ePr{ 1) =TIL}*PNIIY FZELNNSS
* LAREL E2nMM0AD PO3I=TI15BREZI=TI3 =PRI 1] I PELDOSE
Gz BT INE NMM (A 8 M, L] Fzimmpng VELI=1 . ASLRIFIPNILERRPD LI +PO(RISERI2I+¥NI2IR0{H) ) i;:tggzﬁ
C ;:TAINS THE PRHHUCT‘H; FLFHERT STIFEMESS BATREX IIWFS & YFCTOD r?gmxgg? o EﬁlY??Pé;%;vaLI F;Etnnai
QIPERSION S(11.RE10.Ce0) :;:}MMME o RETuRd FoCnang
nooLf 1=1eM A T TiRH=1 [
155=1-M EANMMONA GO TO 1000 FAFLONAG
?gsilégigm EanmMnnT £an F2ELNOG
q Iy bl+af [E5)mI K] £7mAnn R
14 CUNTINOF FanIma0g
RE THRK EPNMEO10
NI E2DEMCLT
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Table VII-25. Source program listing of
subroutine PLBE (Link 2)

ABFL
LaB F2HLRBOO

SUBHOUT INF PLRE ErCRDN]

GrMERATES SURAMATRICES FOR RLFeFMT TYRER 3 &k 4 F2PLRAOZ
IIMEMSIUN TRELI AALY TSI M[A) 0210220 N3303,3),F27{3,3) EAPLROND
TLPU2E]LUVT20 W XIR Y ORI LIS XD YT 2007 6L E2CLRANA

FZPLADNS

COMMnM 14, A8
EOULVALENCELLA, A8)  (NZ1. 0331, (NZL{100,FRP)4 1211191 F14 10211200 GIFPPLRANG
EONLVALENCE (TR IN . (Tat2 ) BRMY L EIAT3N TT ) L IATE IR IAISY  F2HLBANTY
TIPRS] LLATAY I IYPE LA T TMAT]I{IA{H) ,INFG. (TALG), INXD . LTALIND ,FPRLAONA
PIH Y UIACI L o L8 o CLACEZ N IMME L CIACL 2] IRRY Y (180140 TMMZY, (TALLAT L EFPLRDOY
FIMET D A DALY o TARE Ly CTATRT T oM I o (TAL2 U] MY 0 LA(PAT L ITY ] [TALRTISFFRFLANLY

GTETRI UIALZR)CIELTH, { TALPO) e THEMI CIAE3G I ITIC) - (1R(31) - EMFTY, EZPLADTL
Bilad32) 150 b1A0 3R, 1D 1AL TA), TFSY L ITALAG]«IDS) A1 1AL3T], F2PLRM 2
AHORDD CTAI3RTLINRRL Y, AT ACFL Yol TATSO eI 1LAISET. U2, F2rLMn 3

TOIALSP ) e d3 3 1 TAIS3 ), Je] - {18054 JS) FRACRSY A CLALSAT 0T LTRTSTEZELANL A
YW B ELATSRTJTY ) o LTALAY . 1RK) - L1ALG0 ) TR0 (TaIALY- LIDN L 18 1aF ) FRPLANLS

META)  PIALOR I INE ) c LTALAAb DY) LIALAS) ITFY LTA161) ITAR] FZELRA] &
COUTVALENGCE TTRLAA)N TCARI G [IAIATI TLIRDOIACGAI 4 ICITISERLADI, FARLAOY
FICTZ N CEACTA L ACFTI A TALTI N, IRE) A TALT2 D, IYY ) TTALT3), TFE) FRPLROLB
POIALTE - I CTAITE e IDEF I CLACTE) L ISTI (TALTT)LITSY F?PLRD1S

F4ITATTEYCIGEMY (118 LT9]y IERHI W LAATHD) TR L RA(RT]LOT) . 188 (R2) .00 . F2PLEGZO

GUARCBAY e ALLY ) TAATHG) GALZ T DAATAST ALIT A RAIBAY, D2LT(AGLLOT 1, Pl  FZPLAOZL
SOAALIZLI UV CAATLSSY ) X bAALTAI) 4 ¥ ) 4 tRAILTI) o/ o CAALLPYT £ X120 F2PLANZ 2
ALAATLRAF. YD), (RA1193).Z0}, (AA13RT .51 TAAL40 ), Z0FM] FPPLANZZ

TlAA{el) INP}L{AM(LA} IPBR}, (ARL4A4 ) IRFEN), (8145, CONSY IAA[LA), TUFZRLAND 4
RY-1a81aT) 61 ] (AA14H}.02), [A8[49) 03] FZPLRORS
EDUTVALFNCE 11812421 ECT 4 TACIART L LSDTI O TAC3AT ) IENY ) LIA(24A) E2PLANZ G

Ty ISDZ I ITALIGS ), J9)  (ETALIGG ) dI0)  { 1AL 3451 PRS- (DA L3R, 0800 EZPLBROZY
PelfTAIBAL )y dSHZ N U EATIRD) W JARF I DTATAS ] 2 M) o ( TAUSIR)  JMKY) FAPLRD?E
By fJA(33T N IMEZ Y [TAL330], NFI ) {FALA3S) T TASH ITAL3T34. 1IN F2PPLADRG
Gy LIA{332), IPR) . (AAIZE2)DEY) (BAI33L1,NGF].{A(330),PRES) E2PLROZD
SetInt329) IPIRY FZPLAOG]
DIMENSTION AtALGLL TRIZ Y AAWGEIZELTIAN BN NI DHGE R F7PLANAZ

FAIVALENCE {AALP0O0) . A), (AAI236),ELY. LAATP3T),AREA ], (AALZRRILIT) FPPLAD3T
1o {822 SN {RAAPEO0 N, TR A (AL 241 1, R  TALEPA2 1NV o [ARIP?HG] OIRIFZPLROIL
P {AACE0EY UNGL [ABIZGL NP0 (AR ZDa PR L (AMI2GT ), DUGY, (AR [ 300) . TIEZPLRG3S

TF CJMKL) 101041010130 F2PLRO3S
120 ICIXJ=1CIX+IHME FIFLST3T
TE UMMyl LOLO, 1O 150 FRPLRAAIR
Laft TCLYJ=IC 1Y +Jmby E?PELAN3S
L0 Alla1)=12.%F*AAICIYdY/(RLE%3} F2PLANAD
Alla2)a-A{1.11 FZPLAOK]L
AlZa2lanllel? F2PLROAZ
ANZ.5)=6. wEFAALICIVII/(FLS%2) EFPLADAS
ALFebimAL245) FZPLRNASL
AlL.53}=—4{2,5) PPLANLGY
All.a)=all.5) FRRLANAL
A12,3)=GmAanlICIRII/FL EAPLROAT
Aldsa)==0i3.3) EZPLANAR
Alda)aflA,3) EAPLAN WY
Alaabdme s +ARCIGLYAIAHL FZPLARGT
A15.6 Gad 5.5} F7ELAOST
Ale.a)=815,58] F2PLROSZ
noozag 1-1.6 FRPLANYS
N oF0u Jel.6 F2PLRANGS
20N AlJ,Tr=a1T.J} E_:ZPLRn'rE-
1ol RETURK EraLanss
161D 1FRR=] TZPLAGST
GL TR 1000 F2PLRANSA
ENOY EZPLANSG

Table VII-26. Source progrem listing of
subroutine RLOC (Link 2)

* LABEL

CEZRLC F2RECOOG
SUBROUTINE f&LUC EZRLCOO]

C AUDS SUHMATRICFS TO FOAM ELEMEWT STIFENESS MATRICES OF LINE ELEMNTE2RLCDOZ

DIMENSION T8 {13 AAFLI»StY I NMIB)N2T0213,033{3,31,82203, 3) EZRLCODT
TrPI24l UVI24) X020 YO8 2181 XUITIYDIT 20T, 01EY) E2RLCDNA
COMMON [Aa,a8 E?ELLNOG

EQUIVALENCE L IA4 AR (021,033 (D21 {101,E22) 5 ID211LY1F ). IDPLIR0),GIFPRLCOAA
EQUIVALENCE (1A 4INY, (7120, IBN) . CIAI3).1T0, (2AIL1IPILTIALS). EZRLCOOT
TIPRS o TLALEY S ITYPE ) (TA(T), IMATI O ALA) ¢ IDFL) . LIAID), TNX), (TALLD), FZRLEODE
PIH A ATACLE}, TR DALLZN e IMBR Dy I TALY S o IMMY T o[ TATD0}, THMZ I (TATLS ), 2R 0O0T

BIMEISo 118TL& ) TARE N A TACIT 4N 3Ty ITAL2S I, M, (FA26)1TH I ITAT2T1,FRRLCALD
AVSTRY- CTAT28 14 IFLT 9 ITAIZ9], ITEM) ({ [A{30).1TICH s IALSITIMFT ), F2ALCOLL
SELAI32) ISURT CIATIRY L IND) W 1A34)  IMS S [TALAR N, TDST (1AL3T}, EZRLENLZ
STORDI, C1AL3EY, TOADIY I TAIZ9), ACEL J. LTALSON. a1, (1A 1420, EFRLCOLR

TALATSZ 13D s C1AISII d4 ] {TRISa 0,050, L IAISS Y d6)s I FALSA) 6T, {1B{5TF2RLLG e
E1 s dBI UTACSAY L ITY ), (LACSS ), IBBY, C1ACEO )N, TR0 {1AL6LY, 1IN - (180671, EARLCONY

FILAL LIATST) S IDT I, (1ALEA 2 IOVt TALESI ITHY 4 [TAL&1 ). ITAP] FZRLLC1S
EQUIVALENCE (TA(SA)«ICARY S LIACATY, TOTIX ) 1Tal6R], ICIY ) {TATBY], FARLEOTT
LICIZ o b LASTO I TCF I3 NTALTN ) o XX Do CRALTZE YY1, (EACTRIG 12T ), F2ALLOLE
ZOTALTa) 1ICH, ¢ TAITS Y, IDEFY, (TAL76) IAT . (IAI271, 115} E2RLCO19

3ol LAITHY (IGFMI, (1ACTI L [ERR) L IARIBOTEY W LAALAL ) DT, LAL{A2) ,00), FFRLLOZO

AUAACATY. ALY, (AATBAYLAL2){AATES) (ALD ). [AR{AG),N2)) (201 10T)-P), EPRLCDZY
STARTIZL UV o IAALISS . XD e LARLIOI) WY)W LAACITLY 20, (ARIL1T9) 20}, F2RLCARZ
GRAATIAG) YD  tAAILY3],20) 4 {AACAS1], 50, (RAT 40} 2GFM) FZRLCNZ3

TalAALSZ1 LHP YL TARL4B], IPRG) 4 [AAIG)  IFEN) + TARTAS],CANSY , {AAL4R] . THEIALEO2 S
BY IRATATINGY) LAATAB ), G2, 188(69),53) E2RLCOPY

FOUTVALENCE (F&(36G3.NTICY (1AIBGAY, ISATY, II8{347],T5DY).{1A1366] EXRLCOZA
LoISOZ) (1803650, 9 {FAE344 ) 010) L EAL243) L JRRST, FIAL352),05807) EFRLCOZT
2.01813ab ), JS0Z) 1TAI3A0] 4 JARE ) 1 TACIAG ), JMMK ], (1AL 23E] 4 JHKY) EZRLCO?A
Sy tIAL3AT L JMMEY , ITAIS3A), JMF 1)L LIAC235, L1AS), (TA(334),107) F7RLCOZ2Y
Ayt TAU3A3T IPR] L LAAT332) .06}« LAMCSE1 1, DGT), A& 13301, PRES) EZRLCD30
Sy 1AC329),[PIR) FZRLCN31

DIMENSION Alé.6).0IR(3¢31 . UVGTI12) FrRLn3az

EQUIVALENCE AAI2001,A),[AA{236),EL). [8A(23T)1 ARFA 1, (AB(P3R), 1) E2RLCO3A
1-0AR(ZIS) U3 CRATZAD] L TRY  IARI2A0 ). JRIL IARIZELP) 4NT I, LARLIOG) L UVGIEPRLC DG

2 {AAT2641.DIRY EZ2RLCD2G
TTM=TI+NY=1 FRRLCN 3G
JAN=IJ4+NY -1 FZRLCDIY
IHE={ JR=J.) & [DS+IR—-11] FPRLEOEA
L=tJJ-2}e1D% F2RLCOA9
nO 200 J=)J.JJK FPALLR4D
L-L+1D% FRRLLAAY
00 100 I1=11,IIN EZALCaaZ
LR=L+11iHE FPRLLNGT
SILR1aAIT 0} F2RILLN&4

UG ALE, ) =0, FPRLEOAS
Zun CONTINUE F2RLLDAK
RETURN FRRLLOGT
END EXRLLUaE

Table VII-27. Scurce program listing of subroutine 501 (Link 2)

= LABEL
CE25D1 F25010n0
SUBATIVTINE SO1 £7sn1nnl
C GENFRATES FUR ELEMENMI IYPE | STIFFNESS AND LMD MATRICES E2501002
DIMENSTON FAUITLAREL) S0, 8181, D21071).03313.3)4E2213,3} E2501003
TP U240 0 tVE2E ] XUB) YA 22081 I T) Y DOT w20 TG (1] E250 100w
COMMON [A 48 Fzsulnns

EQUIVALENCEIIR AR {AZ1.D3%) 4 {021 1001.E22 140230190 E), (D2L020)GIERSAINDG
EQUIVALENCE (1ATLI INF (TAIZI BN, 11a03 . 3T), (18140, 1P, LIACS). F2501007
]IPRSIy(]A(hl.ITVPE)v{l!(T}-IMBFJ|I!AIR).!’DEGI.(Iﬂ(9lrINXl.(ThllnlqEZSﬂanﬁ
2ZIH OO Y LB LIATT2) FMMN o LTALT3 ) IMMY ) (TACLa Y IRMZ Y, I TRIL5) 462501005
BIMFIY S LIALLE) (TARE ), CIAILTI NELIT (IAC25 M) (TAIZ6},ITY]{18127),F2501010

FISTRY W (IAI2R) e EELF I, CIAL29) , ITEM) . (FA{Z01LETICH L IACAL Y. THET ), EZS0101L
S{TAI22E, ISUMI CIAC33) NN, (TAI36) ST T IACIA)LIDS) . (7E(37], F2501012
GIOROYS CTAI3BT, IORDLY, 10AI39)  ALEL Fof1AISC ), S 1 a0 TALSLY 020, E25n1013

TOLAISZI a3}y {LAIS3) 2 J4 1 (TAI5R1 09D, ITAISE) DAY (1415610, ( IALSTF2501014
EI'JB)‘JlAIﬁBl.JT\‘};|lﬂl59|-[BHI.lIi—‘\(ﬁﬂl,IHﬂl;(lh(&l}-l}l)}uII.ﬂlh?lnE?Sﬂln'lS

GUIA  [HACHRI L IUT] (I AEE] 4 IDY I (IA{65), ITE) . LIALGL L, ETAR) EZ50101a
EQUIVALENCE FTALAAN, ICARY . ITAIAT L ICIXY s LIAIGB] ICIY)  T1AL69), EZ501D17
LICIZ) o LTALTO N TCFT D ITAITLN S TXXY . (TALTPN o 1YY ) (1A(TI),T22) . Fasn101R
ZLLAITA) y TECY A LAUTS) (IDEF I ot LACTE) j ST o [IALZT} 155} EZ501015

Bl ATTHY G IGEME L 1AUT90, IRHAY, {AATACI TR, 1AR{SL)1.NT). 1A21A21,N6!, F2501050

GUAAIRBI ALLY, [ARTEL1 ALY, LARIAS],AL3), (AAIEL),021).(AA1107],P), £2501021
STAANLBLFalV) « LARLISS Ty X0, (AA(163 0, - CAATITI 20, (AAIYTS), 0], E2501022
APAATLBEL YD)y (ARIL193) .20, (ARI3513,50, [AAI4DY, Z6FM) Fas501022

TolAAL4ZTy ENPY, (BA143 ], IPBGI. (AAIGG)  IPENS 4 LAAE4S ] CONST, fARTGA), IUE2SN1024
HYp CRACGTY GL) (BA(GB]1 .62, (AR149),563) E2501025
EQUIVALENCE [1A13493,NTIC), {18034081.I50T),IALI4T),[SNYY, (141344] E2501025

LelSDZY I BA1365) 005, ITAI344) 0100, (143231, PRS] I 181362}, 08DY)  F25s01027
o tTALIOLY EnT U A SRS i GARE Y e i TAT 339 e d X V1R A8 ) MY | F2501N28
3 HTA(33T),UMME) I 1A{336]1,JFFI] e IALA35]1, ITAS]+[1A(A241, ID7) E2501026
G TAL333)IPR) 4 (AA(332).DGY 1, IAAII21),D62), (A81330).PRESY F2S01030
S5+ ULA1329)  |PIR) F2501031
DIMENSEON A0ba&)sDIRI, 21, UVE(123.TI61.PDI3),PNE3)AUGIT) F2501037

EQUIVALENCE (2A1200),A 1, 1AAI236),EL), {AALZ371 AKFA 1o tARI23R), [T} F2501053

126

PR

Ty (AAT2A9],Jd} - (A2 2401 R IAATPA]] . JRY, LAR{Z62) NV}, IRAL2AGDIRIFPS0IN4
2. 0AR L3081 P UG TART29T),PD}, (8512961 PN« CAALZSTIDUG) (ARLIOD), TIEESOIO3S

EQUIVALENLE 1AA1324),PRCO) F250103s
PLANE R SPACE TRUSS ELFMENT F2501037
1PRG=D FPE010I8
TF CJAREY 141443 Fz2501029
43 ICARJ=ICAR+ JLRE E2501040
oUG(1L £2501041
BUGI2)1=0. F2s5a1042
QUGI3)=0. F2501047%
CaLL ELDT FAS01 044
&q IF |JPRSY 20,82.30 E2501045
HO PRCO= G52EL*PHESHPRT) E25010486
1PBG=1 EZ2501047
T1PEN=3 F250104H
82 IF [ACELY 85.90.85 EZ250104%
b5 CONS=.5*EL=ACEL®AATELAR.D) Fasalosn
1PRG=] E2501051
IPEN=3 F2501057
9N SS=ERAL|ICARJI/FL E25M1053
TE2y==7111 F250105¢
Tlar==3123y EZ5Q1055
Tlarw=Tin9) EX5010%6
Its- s ERSOLOST
noo111 I=1,IDS F2501058
IK=TK+IDE F2501059
GO Ll J=l.IDS E25C1080
IS5=1K+J E250N10863
1 SIFSSI=FCaTil aT] 1) E2501042
11 CDNTINLE EZ25010K3
RETFURM E?501D64
TERR=1 F2501N55
GO TO 9 Ez501066
END EZ50D1NAT
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Table V1I-28. Source program listing of
subroutine 502 (Link 2)

¥ LAREL
CF23D2 ¥ 7EOZON0
SURROUT ENE 507 EZ502001
4 GENFAATELS FOR ELFMENT TYPE 27 STIFFNESS AND [LNAD MATRICFS FZ502002
HIMENSTUN 1ATI) o AR1T 1] 4SELT MBI DL I2L I D3303,3),F2213,3) F250700%
LaPl2a) ¥ i24) X081, Y IR)LZ(H ) KT ¥DIT b Z00ThaGLE1} £2502004
CUMMON La, 48 E2Zsoznng
EQUIVALENCE(I A ARTiD21.D331 (D21 1101, F221. 1021112).F).{N211701,61F 7502005
EQUIVALENCE C1AUTIy TN, I1ALZ1 TN (IA{3), ITI (Ta141, TPY L 1A(5), F250Z0NT
LIPRS jy L IA1&), ITYPE) 4 LTALT)a IMALY L LLAYAD S IDEG) (1R 19}, INK]LI[AL10),F2R020NR
AIH L CTALITY 1A, LTALLZ)  TAMY Ly (TALLH]y IRMY T« EIALI4) . T8N, (I8 (15),F2502009
BIMFL I I3RS TARE) o LTALLT Y4 NE L) hq EIALZS M, (180286, FTY].[12127) ERS02010
AISTRY, (T&I2B)  IFLT), (T&129F ITEMI, f1A(RDI4 1TICY A ITALZL ] IMFT ), E2502011
SITAL32) o ISUMIL (TRI331, ElD), (TAL34], IHSH. (TAIBAIVENS) L IRI3TY, £P502012
SIOR) (LA (3601, [OKDLI, (1A(39)ACEL Do (1AISDI 4TIl TATSE1eS20, E2502013
FOIAIB21 .30, {1A(53]ad4). LEATS4] . J8] - L1455, JAT 4 IATSS) T, {IALSTF2S02014
BIadR1, (IAISE1, 01734 LIALST) EBBY2 (TAIA0T TBOY, ITAIS1), FINI L TA{BP ) FRSO2015
FITAI I TACBII, 1011, {IAL66) «INY I (1AI6511TFI (121410, 1TP] F2502018
EQUIVALENCE I1ACHA), ICARY 4 LTAIOTI e ICINI,CIALEBYSICTIV)A(TR18G], Fz502017
TICLZ Y (28 UTON JEF I ba (HBETLITXE o I TAIT2I IV 16 LAI7314 120, F2302018
ZILACTS) 1IC) . (TALTS ) IDEF YT (IALTOYISTI 1AL IYal15]1 E2502019
BillACTE Iy [GENT {TAUTI) a IERR 1« (AAADD S TEN i 8ATRL ) DT I, (ARIRZI(DGT, E2S02020
41AAIB3)AALLY, LARTHS Y (AL2) 4 (ARIBSIL AL, (BAIRE},D2ZL).1841107],P),  EZS02071
SEARTLIL) 41U . LARTTSS T X1 [AATLG2I,7), (AAILT1).2) . (A41LT791,%0), £7502072
SLAATLAGLY,¥0), (AATLG31 2D}, LARIB5T 1451 TARIL0Y (ZGEM) E?SN2023
TalAACA2)  INAY, (B843), IPBGY, | AAISE] TPEN) [ ABT&5).CONS ), 128 1261, JUF 2502024
Blp(BA(4T),GL1, (AA(4B)} .62, (AA149],533) F2502025
EQUIVALENCE (YA(234G),HTIC), [TAI34B1.IS0T] i 1683471, I8NY 1. (TA1G46) FPEDR0ZE
LeUS021 o IAT365) ¢ 9), (LAI345) 101, (1803431, JPRSY I TR1342),U50¥)  E7s0e00t
25 11AC341)  JSP21.1AL380)  JARE ). (1A1330], Jks%) o LTA[A3B] . JMlY) F 2502028
3 ULATSIT)IMMTY, TAEI36] 4 JREIT T 1AT335),ITAS] (1A(334), 107} E2502029
4y ITAT333), IPAT, (8A(332),0GY 1, (AA(3T1 1, DGITy LARLIZ0) PRES) £2502030
5111413291, 1P IR, A& L3261 .PRCA) F25n2031
DIMENSION AT8463+0IR1330UVGI1Z).TI6],PDI3],PNIZI,OUGI3) ¥ 502032
EQULVALENGE [AALZUOI AL, (AATPAS)ELT.IAALZ2TI,AREA 1, (8A(23A), 11} FP507033
Ly (AREZEY) (JI 1y 1ARI250) ¢ IR}« (ART2ST1, R, (ARL242) o NY Y, (48 (704),DIRIF 2507034
24 1AALADA) L UNG], (AATROLI 4P, SAALZO&1PNI«LAAT297),DUG), (AR L3200, TIE2502035
CALL £ODI F2502036
CaLL BEAM F2502037
IPRG=D F7502038
IF [JPRS) 40.5C.40 E7502039
40 DUGIll=l. E7502040
DUGtz)=0. F25n2041
DHGE31=0. FrE02042
CALL ELDT F2502043
PRCG=.S*ELPAES PO} F2502044
P15 )=-FACOREL /6. EZ502US
Plote-P(5) F7802048
1PBG=1 F2502047
1PEN=2 E2s502048
o0 IF (RCEL) &0,80,60 E250204%
40 DO 70 1=1.2 E 2502050
T0 DUGLIYI=GEIL) F25070%1
LALL ELDI F 7502052
CONS=.5=ELaACHL*ARE A E25020513
CACE= IBUGL L) «PR L1 +0UGI 21 5PN 2] I#LINSPEL /8. F250205%4
PU5I=P{5)-CACE F?502055
PrIo)=-P15) F7502056
1PBG=1 F2502057
IPEN=? FAS0709E
40 10=1 E2502058
Ju=1 EZ502060
k=1 £2502061
IRy E25020562
NY=¢& E?502062
CALL RLOC EFS02064
1F (NG} 110,310,110 FP502065
110 UVGI5]=,58NGRALLEL F2502066
UYG (& 1==UYG(5) F2502067
DO 300 1=1,1N5 £2502063
300 UVTDI=UVE TH+UVGIT) E2S020m9
310 CALL S1RA FP802010
KETLAN F25070171
END F2502072
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Table VI1-29, Scurce program listing of
subroutine 503 (Link 2)

LARTL

E2503000
SUBROUTIME S03 F?503001
GENERATES FOR ELEMENT TYPE 3 STIFFMESS AND LOAD MaTRICES £?503002
DIMENSION TA(1}.ARI1 I SOLNMIRID2102)13.D2313.3),E22{(3,23) F2503003
1 P0Z4Y UVIZa ) KEAY L FIRY  Z0A)XNETY YNITe2B0F1.C1IL) EZ2 503004
CUMMON 1A« ah E25N3N05

EQUIVALENCE( 14,841 ,({021,033),1D21110),FP2 ) 1021100 ¢El+IDZ11201,0)E2503004
EQUTVALENCE (FALLI IN), (1A(Z) BN (143, ITH (1AL IR IVALSYy  EZ50G3007
LIPRS) , 4 1ALG )L ITYPE L ITAITY W IMATS, L1A1E) TOEGH, (1A1G), INXY, (1A{IN}.[750300A
ZIHIITALLL 4 Bl ot IALEZ) o IMMX ) w0 JACL3 ) THMY o (AT 4] o TMRZ Y, I TAILET,E2503009
BIMFI o 1AL S ) TARE S ETBILT] ¢ MUEY L fTATIP),M} 5 [EAF2H) . ITY L (14027} ,E2503010

LIS TRYSCIAL 2B TELT) A T8 {29 I TEMI L ITAIBO)ZITNICIS (A3 IMET), E2503011)
SIIALAZ 1 SUM) L (IAI331 . IND), (FALIE) L IME) {TALBA)ENS) I 1AIST) . Ezsn3o2
HI0RAY ¢TI TACAAT, IDRULY S A3 ACEL 120 1A(S0},J 0 (TA(S1),42], F2503013

TITALS2), J3 {1 1A05T) 4001 CTACBA) 450, (1815506} {[AIS6).0T7), (TAISTEZSD3014
Bl ydBY o TACSAYATY L IATSGh. IRB ). (1A(60), IR0}, (2&IG1141IN) I TALAZ] FA5030L5

SR A TACAS ), IDTH (TATAGISIDY ) L LIALES, ITEI+ {IA(L1}.ITAP) E2503014
EOUIVALERCE (JA{A6)4ICAR} Wi TAIAT YL ICIHIotintam 1, ICIY) ITA16S) . F2503017
VICIZ) < bIAfTON, ICFI IIAITE IRX Y I TALIZ)IVY I ITAIT3) . 1720, F2503m4a
PITALT40, TE0) I TR{TS) . IDEFTL ITRITE], LET) ETALTTI, E15) FZ5030L%

L IAUTALTGFM) W [IALTY S, [ERRY 4 (A2130] . TE}L(RA[AL) DY), (AACEZ).NG]y FZ2507020

WIARTAB) AL ) o LARIAA), AL2) 2 [AA{AS),AL3). [AR{BA,D211,1A8{107).P)s FR503021
SUARTLEIT 40V LAATISSY 2 K)o IAATLEE ¥ ol AATITLI 2) (ALILTIY 200, F2563N22
GLEAILBAY  WOT 1AAILI3)yZN), [AALTS T 51 CANT AT A 2GEM) E2503023

To{AA(42) INP), (RAL4) 4 I1PBE), 1AALAL T IPFNYSLARI45]1,CONS) - (BAIGHY, TUEZS03024
BlyLAR{ATIAGLI (AAI4B), G2}, [281491,63) F2503025

FOUIVALENGE TTAC3a% ) NTIC) o f1AE3480, ISDT . (141247, 15DYI 4 (1A (3241 E2503D78
T iSRZ 0. 0 EAT245) 009 a ITA12443,0100, (T4(342),JPAS], LTAL247),..)50Y) Fas03027
2o{TA1341 ), J5NZY, (VAT T40) s JARF Y o (1A TIBY) o MPX ] (EAL338)  JHMY) F25n3024
Be(YAC33T ) JMMT Y, I TA{ITOLUMEL L CIAC335) I TRS) A LTALS3G].1D2) F25030z9
e (1AL3AA), IPR) L IAACIAR] DY), (ARIIILDLOGY 1y EAAT 330, PRES) E2503030
Sy lIA(329). IPIRY 2 1ARL324) PR FPE03A031

DIMEMSIUMN ACaeb1DIRE3, 21 UVGL12Y-TUA),POL2),ANL3) L DURTD) F7503032

EOUIVALENDE AALZOO)N A1, (AAT236).FL 12 (RaIR3T)AREA ), (44123A).11] EZ503D33

102882390 UV (8802200 TR] . CAALZAL] R AALZAZ) NY)  (BA1264),MIRIE2S03034
2 (AAL306).UNG) LABI29L) P01, LARIRQL ), PN, (AATZIT 14 BUGT S CAN{300), TIEAS03035

CaLL {onl F2503038
CAIL PLHF EZ2503037
1#RG=D F2503034
TREN=1 EZ503039

iF LJPRE} 40.60,40 F2502040

4 PRCG=,58EL%PRES Fz25n304]
=0 Pl KLO+FEL ) F2s0anez
P(7YaPROUMP 2] E2503043

B3 abRCORELFOIRIL .21/ 6, +PL2) F2503044
Bia)e=pPii1sPial FZ&03045
Pi5 ECOSELANTRILL 1) 0. +PES) F25N3046
Fley=-P{a}+F{s] Fz303047

GU 10 (80,805« TPEN F2503048

a0 IF tACELY TULRO,TD E2503040
70 PRCO=.S#ELSACEL*GI E25023050
IPEN=2 EFSOAOK]

0 TO 50 F2503052

80 Il=1 F2503053
Ja=L FZ5030594
IR=1 FZ503055
JR=1 F25030n54
NY=& E250305T
CALL RLNC F25n3058

lug IF (DGZ) 1L0A.310,108 E25020n59
LB NG=06Z F2503080
110 CONTINOE E2503Nnal
UYGIB)s— 57 DGRALL¥EL Fra03nsg
UVGLa) = -DVE(S]) F28030R3
CALL TRAN (INMG,G} FER03N84

oD 300 i=],105% F23030A5

00 VI TI=UVITI+UVG(T ) [UELLT
310 CALL STRA ES030AT
10yd RETURN EZS030LR
END 2503069
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Table VII-30. Source pregram listing of
subroutine 504 (Link 2)

LABEL

L F2 504000
SURROUIINE 5D4 EZS504nn1
GENERATEL FUR FLEMENT TYPE & STIFFNESS ehD LOAD MATRICES 2504007
DIMENSION TAT] 1, 8A010,5(1 e vt8) 021021140303y 314F22(3,7) Ez504003
TeP U240 eUVI26) X (A1 YR 2 Z(BI lkDITH YDUT L 2D Ty GEI]Y E250a0ns
COMMON Tha,44 F2504005

EQUIVALENCE[IA,AAL, (N21.0231tN2LIID1,E22) 4 1NP1(19),E}, (021(20)G1F2504006
EQUIVALEMCE [TAIT Y, 1N ETAUZ) TBNY, LTAIZ),IT0, (1atal.IP3,0FALS), F250a007
LIPRS Yy (LAIS), I1YPET 4 LIACTY (IMATY o {TATA} L IDEG) » (TR 1S}, TX) I 1AILD) yEXSO&ANR
FIHY CTACIT) o 18 ) (EATLZ] o IMME D CIATLI A 5 IMMY b {TA L& IMM7 |, f1AT1R)4EZ 504009
SIMEL Y (TATL6)TAREL CLACIT AN 2 (T AL2S1 ML LAIZE) 4 11Y )4 1TAI2T) EZSNL010

AISTR) 4 [1AIZBY  TELT ). (TA(29], ITEM], (1AT30). 1 TIC . (1AIIT]y IMET}, E25040L1L
SIIAIIZ), ISUME A 1AC33)  INDI - TAL24)  IMS) W {TAL36),IAS . IT&{37}. Ees0enlz
EIORDY) , [1AT28), INRDEI (TALSY) L AGEL Yo ITAI50],JL o (TA(S1), 323, FPE04D17

TILAISZ21,93) 5 LIALS3 ] du by LIAIBA N, 5], CIA(BRY . J8) {1A1560 T LTACSIF7RAGDT4
Bl B o L1ALSA ), JTY . LIAI5T), IRBL- (1RG0, (B0 1TATETI 1, 1IN { 14162},E2504015

QITE] L 1ACAI) I0TY A {TALaG ), JOV) . 180&51 I TE) 2 I1ALAL]), ITAP) E25nun1s
FQUIVALENCGE ({A166) . ICAR)iTAL6T 1 TCIXI ITATEHISICTY) L LTAI49), E2504017
PICEZY A bLALTON ICFE Y y C1ACTI a IXX La EAET? )4 1YY (TALT2Y, 122}, F2504014
ZUIALTa N FTC - IAL T IDEF 1 A TAL TRl ISTH, (TACTTI-115] F2504019

B UTAITE] «IGEME y LIALTY )y TERRY 4 LARIAD] L TE) (A LAY DT [AAIRZI DG}, £2504020

ACARCHIN ALY ) L LARTN4) AL 2)  {AA{BS ), 8L3) - 1AALES], 021}, (AA110T I Py, E2504021
SEAR{1ILTLUN Y IR (L55) . X) . [BALLO3l»Y¥ 1 tAACTTLT, 2 10 CART1T7R), X010, E2504022
OLAAT135), YD) LAB{193), 2P {A8I351 1,51 (RA160),IGEM} E2306023

TalAATAZ1INP 1y (AALAT) 4 IPBGG o [AATS4 ) IPENT S 1AAI6S] «CONST o IAATRG), 1UEZ 5040
BL e AATATIAEI I, (ARIAR] G2 4{48(49),63) E2506025

EQUTVALENCF [1A7349 ) NTIC) o {18(34R) ISOT . ILAIB&TY41SDY) (LIALAAY E2504026
118021 CTA{3450 091, [1ALB44) 4 J10), (TA(R43},dPRS)  ITAI362),U5DY) E2504027T
ZyCTALZAT Ny IS0 (TA0340),JARE) » LTAL239] ¢ IFMX] (TA{I3R],JMHY] Ez504028
3e{IAC33T 1. IMMZY LIAUITA ] JMFE ) L TAL3355,1TAS), (1A 13341 41D7} Fa2stan2e
Gy CIALIAL 1 IPRY, (AA1332) DY I, (841331140621, (AACT3O],PRES) FZ504030
Sy {JA{329), IPLRI.{&A4(324) PRLIH) F2508031

LDIMENSION AL&, 61 DIRI3.31,UVGI121Tla bk, PO{T), PR3}, NUG(I) E#504D37

FOUIVALENCE (BA(ZD0),A) o LARIZ3A1LEL) . |AALZ3T) AREL §, lAR(Z3R)1]) LPSD4N33

1,(AAI239]‘JJI'(Aﬂi?kﬂlalﬂl.(ﬂﬂlZﬁl)yJﬂl'(ﬂﬂ(EﬁllaNY)qChht?bﬂl;nIRlF25ﬂ4034
e CARIBOE I, UVGY ) LARIZT).PD I, (812940, PN I, IRAI2U7Y ,IIGI« LARLION}, TIF2S0LOIS

CALL €ODI E2504036
1PRG=0 EPS04n3T
IF 1JPRS) 40,580,460 F2SQ4n3A
MUGIL =1, £2504039
DUGL2)=0. £2504060
DUGI3 ) =0, FEEN4NAT
CALL £L01 2506047
PRCO=.50EL*PRES?PD(1) EZE04043
PITi==PRCARELSPNLLY /6, E2504044
PIR)I==P1 1) E2504045
PU91=~PREUSELPNIZ)} /6, FPR00046
PlLLOIm=PI9] F25D4047
PLLYIm-PRCI*ELSPNIZ) fo, F2S04048
F2504049

E#504050

E2504G51

IF (ACELI TD.90,70 F2504057
DO BO I=Y43 F2504053
DUGLII=GLIT] E2504054
CALL ELDI E2S04N55
CUNE= S*EL*ACEL¥AREA EZ504058
CALE=IDUGI L }#PD{1I+DUGLZISPD{2I+DUG I 3} *PO{3) ) *CONSPEL A &, E2504057T
PETI=P(TI-CACERPNIT) F?S0405H
Pi8Y==p(7] FR504059
P{S1=P 1% )-CALF&PRI2] F2S040A0
Pi10}te=p i3} F25nansl
PUT12=P(1Y}=CACE>PNI3] F250Ga0a?
PLY2)y==P{11] FZENans?
1PAG=] E2504064
IFEN=3 F2504065
CALL BEAM E25040486
[BE] E25D40a7
Jd=3 E75060AK
1R=11 F25N4049
JR=3 £2504070
Nz F2504071
CALL RLan Fa504072
ERET] F75046073
di=1y ERRD4074
CRALL RLOC F25046075
F2504075

E25064077

RLUIG FPS040TA
£72504079

EZ5040R0

FPS040R]

E2804NR2

EFSUany?

ALDC E250aqha

PLBF £25040RS
F35n4086

E2S040RT

HY = F250408A
CaLL RLOC F7SUGDRD
1F 10621 tr0,125.120 F2504n90
UNGI9)s~, 2anGZoAL ISEL 25040491
OVG IO Ie—DYGE({T) E?504052
PF DGY) 200,230,200 F2504043
UVGII e, SHDOYRALLEFL E2506094
(VEL12) =—UvEi11) FP504045
CALL TRAN (IIVG,0) E2504096
no 300 IsleIns F 2504097
UNETI=UVIT VG } E2504095
CaLL STRa E25N4009
RETURN F25041N0
END F#5061m1
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Table VII-31. Source program listing of
subroutine 505 {Link 2)

» L&BEL
CE2505 E2505000
SUBROUTINE 505 EZ5N500]1
4 GENEHATES FOA ELEMENT TYPE 5 STIIFFNESS &NMD L&D MATRICFS F2505002
DIMENSION T4EY 3. AATI)4STL) NIAY,D21E21),033(3,3),E2213,12) E2505003
TafUZa aUVEZ6 s X (R Y 1AY, 2R}, XD0T), ¥NIT ). 2007361 L1 E2$05004
COMMON 18,48 F2505005
EQUIVALENCE( 8,881 +(N21,0321,(A21L10Y.Fa2)sN211191.E1,(D21(20),GIE2505006
EQUIVALENCE {3A(1} INY2iTBI21 BBMI4CIAC3)4IT), (1A14),IP).{1ACN}, F250500T
LIPRS) o (14760 ETYPED < 1IACTy IMAT) CTA(RI L IDECT,  TALG) 4 IMY ), LTACIRY F2S0500K
ZTHY I FRELL] e IBT« LIACL2 )y TMMXY o A TAILI), THMY 1, (TAILA] ¢ 1AMEY 4 i 1A ELS ), F25DSONY
BIMFIL L (1ALYE)  TARE Dy LTACITILN(LY ) o {[A{25) .41 1 TR126)¢ITY), (TA(2T] L EZ5050i0
A1ETA) o CIACZHYLTFLTY o [TA{2S) TTEM, (EAI301, [TIC)  (TAI3LY IMET) . F2505011
SOIAC32) 0 ISUMI CIATA3T, INDT, (1A(3534 IMS 11 IALTIAY 1081, 114{3T), EZ5U5012
GIURDI CEAC3BY L INROT . (TAI3FT AREL J C1ACSD) S0 (TAI51F 020, F2S0501 3
FUIACS2) 0305 (TA153 )0 J6 e (1AL54) 0050 LTAIS5]0A1, LIAIGR), 7], L [ATSPERS050LS
BY o JBL CIATSEI 1Y 1y CTACSOLLTREY, (TALADY TR (IAIET 1« 1101, L1& (A2 (E2505015
SIIAY S LIATAIN DT IAL6G Y 1Y e d 18169 ITFIL I 1At&L), ITAR} 7505014
EUUTVALENCE (181661 ICAR . UEALGETISICIN) o 1AFAR), YY1 1ALAY ) FP505017
VECHZ) y UTATZO L TCFT ) C2ACTI N IXX Y CTAL720, 1YY ) L I FA(7314172), F7505018
POIALTAY  ITC . CTACTS) S TOFF T 1ALTE)  IST).{A{T7).1151 F2505019
A CTALTA) IGEM o LIALTII, [ERR ), (A21E0).TEY . (AMBIISNT 1 (AAIRZI,D6), FRS05020
GUAAIBI)LALYLY (BATS6) 4 ALZ N, (AATRS) L ALZ), (RA(BALLUZ1)(AACT0T),P), F2505021
SOAAILIT DS IV ), TAAT LSS} X1 [AACLAS 1Y), IAAILTI) a2y LAG11TO) XN), E2505022
GIRALLEAY YD) (24119302200 L AAISSL) 5}, |AAL40) ZGFM) FZ5ns023
Ty (AA(AZY [NA, (RAT&3) 4 IPRGIVIAMGE), IPENT, {AB(GS).LONS e AR IAAT, THEZSOG024
Bl (AAL6T 1 G (AAI&H) ,G2), (RA(40] .52} F24nsn7s
EQUIVRLENLE [1A(349),NTIC), (TAI348)«ISDT1, (1A(34T),T5DY), (11364} EPSA5076
LoISGZIy(TA(IGS) ,09), (TA(3a) . 101, (1A1243)  JPRS), I1AL342),080Y)  F2S05077
ZeATALTALYISOZ) (1AL 4010 URRF 1, (TA1339) , OMHX] o £ TALIAHY S 1Y | FA505N028
I IAC33T ) IMPL) L [ TAT32A) L JMF 1], L TAE335), 17850, (FA1234) 4107} EZ505079
Gy LTA(332)LIPRIL LRATII2),06Y), (AS(33L1,D02) < LAAT 3301, PRFS) F2SD5030
Sy(IA(32Y ), 1R IRY L LIATIZB] . MAY ), (TA1327),LFF), (1AI325),1TTT) E2505031
DIMENSEON EMU&, 4 ) ENLAL a1 0l 6 FUL4.4) F25n05032
EQUIVALENCE [&A(2000EMI o i ART2L61,FRI, CANI232)1 . E0) (AR (4B 1) FZ505033
1,0881291),42), LAAT324}, PRCOY F2505034
C TRIANGULAR PLANF FLEMENT FALNEN36
A2=XDU1IRYD(21-XD{P)EYIHY) F2505058
IF [AzZ] 141441 FA50503T
4l call TRIm £2505038
CALL TRM {N33,FM,W,3,31 F2505034
Fl=TE/(2,%42) FZSnBoai
CALL ADM (5,1D5,8,3,1,1,F1} EPS05041
CALL TRH (N33.EN.D,3,43) FZansnaez
CALL ADM (S41D5:043.844.F11 F2505043
CALL TRA (03T FNLEM,3,=3 FR505064
CALL ADM (S, 1D5,EM3,1.4,F1) F2506045
1PRG=0 E25N5046
IF (IGEM) &2,40.85 EZ505047
&0 IF {(JPRS] TD,85%,70 FASO506R
f0OTF HIT1T=12 T1,71,85 FP50604%
¥1 Kav=NAv FFS05050
GO TO 180,B0,85),KaY FASO6NGL
B0 P{)1)= ,S*PRES#YDIL}/LFE FP505052
P(2l=FIL) EA505053
Pia SSEPRESHXOLL I /CFE FREngasey
PISI=P(4) E2505055
45 IF (ACEL) 90.9.90 F2503056
S0 CONS=TE#A2%ACFL/b. FA%05047
E2505058
F2505059
PRLCN=0. F2SN50 60
y HETHRN F2snsneal
t 1ERR=1 F2505082
G0 T 9 FR5050A3
END F25N50A4

JPL TECHNICAL REPORT 32-1240



JPL

Table VH-32. Source program listing of
subroutine $07 {Link 2}

= LAREL
rE2snt F2507000
SUBROUTINE 507 E2507001
4 GENERATES FOR ELEMENT TvPE 7 STIFFNLCS5 AND LUAD MATRILES €2507002
CIMENSTON TAE1).AA011SELI-N(BIDZIIZTILA33I7 314 E2203,2) E2507003
LaPl2a),UV(261,508) .Y (81,208}, %0{71.YD(TI ZDITIR1ILY E2507004
COMMON 14,48 FAS0TO0%
EQUIVALENCELTAL8A) 41021, D331 atNZ1010)«F22),(N21(12] ), {D2L{20),AIF25D70N4
EQUIVALENCE [1ACT IN)  {TAC? o IHN I (EAI3 ). IT), (1AG), IP)LTACAY, EZSOTONT
TIFRSY W {1ACHI, ITYPET, (FAI7), IMAT) LIAIRY IDFG3 IFAL9) 4 INXI [ 1A110},F2507008
2THY CCTATILY VR (8112, [MMX)  {TATT3) o IMMYI o LIATI&) TMMZY L LTALLS) L E250T007
IIMEL) L L 1ALLAY  LARED, (TAELTILNELIY (TAIR2S) MY e LIALZALITY ), (TAT2T),E25DT010
GISTRY . (TA(2B) [ELTH, L1AL29)  ITEM) TR0 ITIC 4 (1REIL b4 INET Y, E2507011
SUTALZZ), [SUMT, CEACSS T INOY o {IA(34] IME} (TAL 6], IDST, {IAI3T), FPS0Y017
GLOKD) Lt IAT3R1 TORDL s TIAT39F, ACEL 1. (181601, JL . (TAISL)02] FAS0T013
TUIACER 1,030, (T8053),J4) (TA553, 051 ({AIS5) J6{1A156),J7), IE&I6TE2507014
8)a B (LAfSRY, T}, LTACSS), IRB], (1AT601. 1800, (IA(B1), 1100, (1Ais2},E2507T0LS
SIIAY L [12(63) 10T HaLTALE4)  IOV] L {1ALAS I ITEL L 1ALL1)1TAP] E2507016
EHUIVALENCE ITA1&814ICAR) {18167 ).1CEX) . LTA{6RI,TLIVI,ITRIAR], ERSOTOLT
LICIZI, (LALTAY, ICFET o IALTLY XKD C1ACT2Y . 1V, (TALT3), 1220, E2507018
ZUTALTG1, TILY LTALTSYy TUEF], (TALTA1, ESTIL1181TT),115) r2507019
3, (1ATTA) L IGEMI I TAITS ), TERR I { AAIBUY 4 TE) A [AATALY . DTY, (R2(A2).DGI, E2507020
S{ARIBI) 81}, (AAIBG) ALY, LAALAS),ALZ), LARIESL ) DFEN1AALLOT).P),  EFS07021
STAATLS1) S UV) 4 CAATLGS) e XD o [BRLLEIL,Y) (ALY TV 2V TAALIYI) (X0 E2507022
GIANI1BG) 4 YD)y (AAT1Y3}ZN I, ERATZ52], 51 (AMILO},2Z0EM) F25D7023
T (AAGG2]  INPY, IAATE3Y, IPRRY. LAATAS ] IPEN) ( IAAISS] LCONS]  (8A146), THERSNTOZ4
Bl lAREGT) GL) 4 {AATEAYLG2 )y I AALAGT 631 E2507025
EOUIVALENCE (1A(36G),HTIC), TA{348),ISDT) . (1A134T1,i50Y1.0141348) EZ507026
1515021, (IA13451, 091, (2813640, J10), (140343}, PRSI 1IAT3421,050¥)  E25D7027
i lEAE34L 1, JSD2 1,1 TA(340) (JARFY, [1AT330]  JMMX ), (TAL33R] ,.INKY] F2507028
B (TAC3S7 1, MM 1 L TAI336) 4 JMFT]  (iA(335).1TAS . (1813341,1D7) E2507029
Ly (TALTIDN,IPR), (AALB3ZY4AGY 1y (AACS3L 1,062, (AAI330},PRES) EZ50TNI0
Sy TIATA2T 1, IPIRY, (AAL3RG) PRI EZ?507031
TIMENSION EM{4,4)  ERTG &1 00640 EDL4-41 E2507032
EQUIVALENLE (AALZO0 ) EMI +(AS(216}ENI IARIZ32} 4 FOI {ARTILED Q) E2507033
4 THISNGULAR BENDING ELEMENT, CODNSTANT TRACE SCHEME F2507034
AZ=X0ILITYDI2T=XNI2)=YD{L) E2507T035
IF {421 1.1,61 £PS070R6
41 CALL TRIM F2507037
FL=TES(2.8A2) E2507038
CALL TRM (£22,F0:027,3) E2507039
[F {R{2+1)) 431,431,435 EZ507050
431 IF 1Q{3,1)) 432,432,436 E2507041
432 [F {013,2)) 433,433,437 £2507042
435 QU3 1)=013, 1140421172, E2507043
13,1013, 214012, 1172, £2507044
©2,13=0, 2507045
G0 TO =38 E2507046
436 @l2,1)=012,11+013,10172. E2507067
D(3.2)=013,2140¢3,11/2, FRSNTO&H
013,1)=0. E2507049
GO To 433 FAS0TNS0
431 O12,L1=012.114012.21/2, E250705]
D031 )eRI3 11403, 2172, £2507052
Ql3,2)=0, E2507053
436 Q1. LI==R02,13-01%,1) E2507054
=0i{z+1) E2507065
F2507056
$2)-R13,2) E2507057
z} E250705%H
0[1,2)-0(2,3} FR507059
433 CALL ADM [S,105,0+3,1.1471] E2507050
DO 4022 L=1.3 £250T0AT
1F (L-2) 4019401854019 E2507062
4018 DO 4021 1I= E2507063
nO 402} JJ=1.3 F250T054
155=[JJ=L1#[DS+11 FZS0T08S
1SR=(11=112105+Jd EZE3070hA
4021 S(ISRI=S{ISEY F2507067
4019 DIF 4010 I=1,3 E250706A
1=I={[/3)%3+1 E250T0AT
12=11=111/3}1e3+1 E250T070
ke=ar{L=11+1 F2507071
155=fK=1121D% Fas07072
1551=155+1 EZ507073
1552=155+11 E2507074
1552=155+12 FF507075
CYe(XIIHI-XT1112501552) £EENTOTE
DY={XI121-X(I134511552) F2507a77
Cam=IY(I11-¥(17)%5115521 E2507078
DH=-(¥{12)=Y 1) }aS L1553} F2507T079
SIISS1+3)=(00N+0X1 /2. EZS070A0
S{ISRR+315C0/2, F25070EL
30155343 1m0/ 2. EZ5070A2
SU1SSL+bI=(CY+Y I 2, EZS0TORS
S{1552+63=CY /R E2507004
4010 SEISS3+61=0Y/2. F2SNT0RS
4022 CONTINUE F2507035
CALL TRM (33,EM.0,2,3} F2507087
FoFL*TESTES 12, F25070A6
CALL ADK (5,ID5,0,3,7,7,F2} £250T0ORY
CaLL TRM ID23.EN.Q.3,3 2507090
CALL ADM 15.ID540,3¢4,4,F7) FP5n7091
CALL TRM ID33.5M,EM,3.-3) FZE0T0%2
F2=—F2 FZ507093
CALL ADM (5,ID5,EM 3,7.4,F2) £2507094
482 PRCHI=C. E250709%
1pBli=3 £2507096
1PEN=3 F2507N97
CONS=AZRALELRTES by FA507098
CCHT=PRES®a2 /6. FZ507099
PLLI=CONT - £2507100
pLPY=CONT F2507101
B (31=CONT F?507102
I COMPUTE THERMAL DEFORMATION YECTOR £2507103
431 F1=0G=ALL FZS0TLN4
FzeNGFALZ FASDTLNS
po 453 121,3 Fzan?1ns
PL=IMS +1 F2507107/
12=185 +I1 F?507108
uvl L=, £2507109
E250T110
Aoy EFSOTLIL
4 FZ507112
1 EPSOFLTS
FZI0TM1&
FPED711%

TECHNICAL REPORT 32-1240

Table VII-33. Source pregram listing of
subroutine 509 (Link 2)

= LAREL

CEZS09 F2509000
SUBRDUTLME 509 FAS05001

C GENERATES FOR ELFMENT 1YFE  STIFFNESS AND L{IAT MATAICES F7509002
OIMENSION TACL14AATLY,St1).NI81,021(21),.P3373.3)E2213,3) £2509003

1hF 21 UVI24 1 X 08D, YIRT LI XDETIYRITH ZBIT 16111 E2509008
COMMON 1A, 48 F25n9005
EQUIWALENCE L T4, 443, (N21,D31), (021(101.E221,(D21{19)4F1 ¢ (N22120),CIE250G004
EQUIVALEMCE (IA(1) o IN] . {1AT2Y, IBMI, (1A(3) ITI.{IA(LI4IP},IIR(5), EZSO9007
LIPRS 14 (SALST LTYFED CTACTI IMATI, (VAIB1,IDEGE, (I&(G) INX] 4 ¢ 1ALI0).E2508004
2EHY . LTA{TT 1 I8) o ETACIZ) 2 IMMX ) (TAELAT  IMMY Y I TALLG) [HMZ) (TAIL5 ). F 2509009
BIMFE), (JA(16), TARE ], CTACITI M1 ). {14{25), M), ITA126],1TV),114127),E2509010
AISTRIp(1A{2B1, IELT), ITALZ91  TIEMT, CEAIB01.ITIC) LFAIZ1IIMET) . E2309011
SUIAL32 2 15UM]  [TAE33N INN) [TAL RS0, IMSTa L 1AL3A) 4IPS, T IAI3TY, £2509012
SIBRDYY CIAC38 1 TORGLY (TA{39),ACEL F,1TRI501,J11+0T1A(5T]4020, E2509013
TLIACS2) 310 tTAIS3Yada)a [LAI541, 61, (TALSS) .06 . 1 IA(56), 71, L1AISTERSOGNIA
BBl LIACSAT,UTY),{LAISG)TRE), 1 TA1AD), 1RO t1ACELY,IT0), (FA162],EZ50T015
SITAN (LA e IBT I, (TAIA4] VY a(1ATES] ITEN {1841, TTAPY F2509016
FQUIVALENCE {1A86), [CAR)(ITAIATIILIX I IIAISB]ICIVE, ITALGY], Ez5n90l?
VIGIZ g CLALTORS ICFT) - LTALTLY IXKY L L TALTZa 1YY ) {FA{TIILIZT ), E2509018
ZUIALTEN 11 a LIALTS A IDEF) ({TA(TA)IST), L1R17T1 115} F2509019

3, (TALTBY, TGEMI, (TALTY), [EART, (AA{BO) - TE), (AA{HLI, DT . {AA(B2),D0), E2SD9020
A{AACATN ALY T4 LAALEA 1 AL2) . AGIBS ) ALT), [ARCRSI D211 (AAC10T),P), E250902
SCAACLIILY VY, (AARTSS I, XY s {AATL1623,Y ], AAE1ITL),Z e TARILTYIZEDY, g2809022
SOART1ELT YO}, [ARLL3] . Z0)+ [AAIBS11( 51 1AAI40)2GEM] E2509023
TalARL®ZD ¢ INPI . (ARIG3)  IPRGH, LAAL4al IPENT, (ARI45] CONS), AL IAR] L [LE2S09024
BYy (AALLII2GLI, (AAI4E1.G2) . (AA149),63) E2508075
EQUIYALENCE (LA(3aF1.NTIC). (TAI34B), ISOTI (TAII47}.150Y],{[4{346) EZ509028
1 ISDZr, (TA13651,091, 1LAI344},J101, (1403430 JPRS), I T41342),JSBY)  €2509027
ZolTAIZSL},J5DZ 3, [1A{IA00, JARE 1, (141339 L JMaX ]y L1381 IMMY) F2509028

Sy (IA(B3T ) JMRE], ([A13361,JMF1), [1A325),IFA5).1181334),107}) E2509029

4y (TA1333), IFR), (AA{332). DAY ], [AATI31),002) . [AALIBG),FAES) EZ509020
SeR1A[A7Y ) IPIRT P [A{328).NaY) . [A4{33T), LR} E2508N031
DIMENSION AT{6,4),B[3,3).004,4).MODL20),PO3) E2509027
EOUTVALENCE (AAT2001.4T 1, tAAIR16).RBY, LARIZ25) D) (AATZ&L)SDET), {BRF2509032
13001, 800, [4A1324) (PRCO) 4 (ARI 3251 §TTT), (A412911,PN} E2309n34
MET==XD (138 (D12 147D13]-YDI3IRZ01Z)I+VOL1I2(XD(2I#ZN3)I-XD1 3] SIL{ZEZSOG035

1N I-Z0{1FH XD (2 T0E 3T ~XN13)5Y002 1) EZin9nle

IF {DET! 1O1D.1010,720 F7509037

TAD VOL=1./(5.¥DET) E2509038
AT(1pLI={eYB(2I-YO( P IS EZ0E3)=Z0011 3= ¥YDIZI=YDI 114020171 -20(13}} F2509039
ATE1,2)=(-YD(2)eIDI3I+YDI31Z02]} £25090L0
¥DL1)RZ03)=Y0(315ZNIL) ] E2509051

—YDILYRIDIZYI YDA =20 11) EPS09062

ATEZ,11={=1NDI2I=XDI 1) # 020031201111+ (AB{3)I=X0I LI T&iZ0i2)-2011) ) IE250u0a3
AT{2.2)={ XDIZIEIDIAI=X0{AI=ID[2Y) F250906%
A1E2 3= (—XDLIEZ0C3 4AD (317201} E2Z509045
ATL2,4)=0 XDILI2IDI2)=40{2}*ID{1}} £25090%6
ATEA 1) =0tXO02I-XDILIbRI¥DE3)=YDIL)I=(KDI3)=XD{ T3 I%(YNIZ)=YDILI )} E2509047
ATI3,23=(-XDIZ)AYDIA}+XOL2I6YDI2]) FPS05068
AT{3,3 XD YAYDIAI-XD(312Y0(11) E7S0Y04¢
AT13,61=1=XDCL)SYDI2)I+XDIPI&Y0IL1) EZ504050
1PBG=0 EPSN9N51

IF (JPRS) 725.735,725 E2505062

075 TF (1N FT-1I8(ITTT=2)) 735,726,735 E2509053
126 RaV=NAV F25U9054
G0 TD 1728,728.7351 KAV F2509055

728 FDILY=YDITIRZOIZ)-YDI2I4ZN(1T F2509056
POL2=-XDILISZ0I2)+ADI2) %N} E?S0905T
POI3)=XDIYIRYD[2)-XD(214YDIT) E25NS05R
PRLCO=PRES/ {6, *CFE) E2509059

1F INAV=-2) 729,731,735 EZS09060

Tit DO 737 I=1.3 F2509081
II=1-4 E25059067

DD 736 J=1.3 F2500063
fI=]1T+4 F2509064

GU TD (732,733,7331,1 F2509055

42 PO V=PRCD#PDIIL/Z, F2505086
GO TL 736 E2509057

T PO ==PREUSPDIII 4. F250906A
Ts6 CONTIMUE E2509069
T4¢ CONTINUE F7509070
723 00 730 I=l.3 £250907)
luzbe] E2509Q72

T30 P{14)=-PRLO?PD{ ) E2509073
IPAG=1 F2809074
TPEN=2 2509075

435 IF (ACFL] 738,740,738 £2505074
CONS=BET®ACFL/ 24, F2509077
£2509078

E250907%

£2509DA0

na vab [=1.3 E2509041

145 TK=XDUDIEXDIII+YDID) YOI +ZD41)*2D(1) F25N8NR2
TX=5ORTFITX] £25090R3
TX=1,E-taTXa%3 F25n9084

IF {DET-TX) T4T 767,750 E2S090R5

Y47 WRITE DUTPUT TAPE 641 4M,ITTT.OET F2509084
1 FURMAT{Z2ZHOYHF VOLUME OF ELEMENT,Z14,12HIS TNO SHALL.EL2.%,L13H NISEZ5090RT
L1REGARDEN .Y sn90AA
GO0 TO 1DUe FA5020RY

t50 DO TRC 1=1,3 £2508080
oo Tee JeI,2 E2503091

GO TH (T57,756,759) .1 2509092

¥52 GO TO 1753,754,7551,. E2509093
¥43 RIL.1)* DRICLY F2503094
BIL.2}= D2lik) F7509095
BIL.3)= DZ1i&) F25049096
Bi7.21= DZ1{16} rA50e0e7
RI2,31= DALILE) Fr809093
R(3,21= N21E21) E2509099

G0 TN 739 F2509104

T34 BIl,1)= DILl&4] £250910L
Bil.21= D21(2] E2509107
B{l,31= DPLISE F2509103
Bl2,1)= D2I{1A) E25N9104
B(2,21= 0219} E2508105
B(Z.21= D21{10} FZ502108
8(3,11= DZL{1A)} F2504107
At321= N2LCLLY TPs0RI0R
B3, 2= D2LIAOL F250510%

GO T 778 E2S09110

755 R{1,1]= 02116} £2509]11
A(1,21= N2L15) NFECETRF
B{1,3)= NZLt3} Fa508113
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Table VII-33 {contd)

Table VII-34. Source program listing of
subroutine 511 (Link 2)

= LABEL
CEZ511 E2511000
SUBKOUTINE 511 F2811001
[ GENERSTES FOR ELEMENT TYPE Il STIFFNFSS &KD LOAD BMATRICES E2Sllong
DEMENSION TACT)2AAIL}+SI1ENIA}LR2L{2L),D3313,3).E2713431 F2511003
LeP{24) UVIZANKE8 1Y IBE 2ZIBI XDIT)  ¥NITH. 2007 G111 E2511004
COMMDN TAgs R4 E2511005
EQUIVALENCFUTA,AA),IDZ1,DABI IDZI(I0IF22),{02L1193,€),(DZLIZ0),BIE2ST1008
EQUIVALENCE C1A01)4INY o ITAL2 . IBMItTAI3, 3014 1AL4A}IP) {1AIG), E2511007
LIRS 4 TATAY o ITYPE) (A TAUTIEMATI C1ACH) yINEG) ¢ 1ATO 1IN ) ITALLON,E2ST1LAGE
ZIH S ITATLL IR DAL 1, [MMX ) ETAIL3)  THMRY )L (IACLG) A IMMZ ), (14415).E25L1009
AIMFL) LACIEY (LARE L, CEALITYANILIL, (1AU25 M) 1 TAI26) ITY), (1812T),E2501010
GISTRI¢EIALZB) 4 IELT), 1180220, ITEM) L ITATZO1iTIC) f1A{I1), IMET], F2511011
SEOLA{E2 1 ISUMY , {TACIR] L INO) 0 JAC34)  IMS 1 {I&136),105), (1A {371 E2811012
GIORDIy LIACIR)  IDREL )N, ITAI32) ALEL 1 1AISE) L), {24(5])}. 02}, E251LN13
TUTAIS2 1o d2 e (TACE3 12081 (TAI5G) 45} LFAIE5 ) o d6) L 1ACSE) T LTALBTEZS1iNG
Bl dB 1 (LACSBEITY 1 1AL IAR) . (141501 1BOI. (TATBYI, 1ID), i 1al62) F2511015
SIEA) . ITA(E3 1 INT I, LIALAG) (DY ITA(AR} ITEN(IATGI1.ITAP} F2511015
EQUEVALENCE PIALAR)LICAR] «(14(ST) . ICIX) T TALRAY,TCTY),(12169), EPSILOLT
TTCTZ )y LTACTO N ICFT Yo LEAETL Iy LLAITP I 1YY ). (141T3) D220, EX51T018
CUIACTR ) g IIC ), (TA{TS )L TDEF), L1AITE) 1STIat [A{T?}, 105} E?SI1L019
Be(180T3)  IGEM) (TA1TF) 4 TERRD 4 (AATBO) JTEN s (BAIRTIZ0T) LARIRZ) D61, E2511020
GI8A(23),8LL0, (RALBAY, ALY, (AATRS)LAL), (AAISH),O21 ), (AALEDT),P), EPSI1LO2
STARCLILY UV CAATTISS 1y X )y TAALEA3).Y ) (ARLLTY )2, fAA{LTO) A0} . E2511027
GIAATLBA} YD), (AAT1492), 201 (AAI3511453 . tAAT40),ZGEM) E2S11023
TrUARLSZY INP) [AATG3Y, IPRG)  (ANI44)  LPENT {AA{G5) CONSI . (ARCASY, TLEZSLLOZG
HI gAML Gl {AB{4A)aG2 ). (AATLD),G3] Fz5110n25
FOUIVALENCE (IAI3493,MTIC) ITEEI4B}.15DTI(1AI34T1,ISDY, (A1 36a) EZSLLOPE
1a1SDZ1.(EAIB45) 59, [1A(344 ), d101 L 1AL363 ], JPRS ), I T&1362).J5DYI E2511027
Zel1A(3AL)4J8NZ )4 [TAL340), JEREY, (LA 13391 4 bFX ), C1AL33R) + SHMY) EZ51107R
Bl 1AI337 ), JHMI Y, (1413360 JMPEL L 1AL335 ), [TES), (TAI230),41D2) E?51ll02%9
e (L8133, IPRI{AAI332) DAY, [ARI331),062) (4433004 PRES) EFS1L030
S, (THI3Z29) . IPIR} E25l1031
DIMENS [ON EMIG&) oFNT4y4) 04,4 ) NIRE3, 32 DUMILEY E2511032
BOUIVALENCE 1AA(ZDOIEM], (8412160 ENI (AMIZ32)4FU), (AA(264),0),  E2§511D73
LUAACZEL] 4DIRY . (RA(2TS) UM}, (B8{2YT] 402} E2511034
C TRIANGULAR SHELL ELEMEMT E2511035
CaLL CORT E2511036
CeLL 507 E251L037
ISHF=6% 1105411 F251103K
TESS=9xIDns F251103g
0O} Iel 9 F2511040
TESS=1E55-10% 2511041
IES=1ESS Faslinaz
00 2 J=1,% E2511063
1ES=1ES+]1 E2511044
IYE=IES+ISHF E2511045
S{IVE)=S(1ES) F2511068
F4 S{IES I=0, E25110aT
1 CONTIRUE EZS11048
bu 3 I=4,9 F2511049
k] UYL T+&I=Lv i) EZ511050
DO 4 I=1.1M§ F25110%1
1= IMS+1 F2811052
12=1M5+11 EE511053
OVUI =X |sDT+ALY E2511054
UVLEL =Yt T =0T=aL2 £2511055
4 uvilzr=0. Fa51i05¢&
CALL 505 Fz511057
IPEN=] F2511054
DU 11 F=l43 F2511059
Pil+el=FI1) E25110860
11 FL{lY=0. F2511n81
[ THANSFGHM  5,P,U¥ INTU OVERALL SYSTEM F2511062
CALL  TR&N (P,0) F2511063
CALL  THAN {U¥.0) ER511064
CAaLL STRA F2511045
RETURN F2S11046
END FAS11067

Table VII-35. Source progrom listing of subroutine $13 (Link 2)

Bl7.1)= DRI(1&) Fasnolle
Hi2.2Y= DZLI1Y) E2309115
Biz,33= D21113) FPS091h
B(3,11= D212} F2508117
B13,21% Dh2li2o) F2509118
B{3.3}= D2311%) F2509119

GO TOD TS EZS091720

foé& LY TN 11000, 7T57,74581..0 FZ2504912)
137 Rily 1= DATILAY EPE0917P
Bi1.2}= D21{9] FR50a123
BlL,3)= BELELT) F2509124
Blrz.2)= m2it 1 F2sn9125
Bi7,3)= D2LLIO) F?509175
AI3,31% NZ1119) E2509127

Gl Th ¥3Y F25N8124

F3A Releld= P2101E) FRsa9129
Flle?is DALILTI F2509130
BlL.317 B21113) FESMYY 3L
Bl12,10= H21111} F?5209132
RIZ.2b= DRYILOY £7509133
RI2,31= NZ11A) F2509134
BI3.11= 211200 EZS09135
Bl3a21= MALL1Y) E#509]36
Bl3,30e N2101Tw} EZSNS1AT

60 ThH 775 FZ509134

W% Bllelde DZ1(2Y}Y E7509139
BIL,2)= N211203 EF509140
Bil,31= DP1IL5) Fzsnalal
RtZ,21= R2LE19} FZ5091%2
RIZ,31= DPlile) F7509143
Bl3.3)s D2LLI2} E25091%4

759 BI2,11=811.47} FZ50S145
B34 11mB1y3) E2503L4g
RE3,2)=R12,3) . F280914T

£S5 CALL TRM (ByAT 40,3041 EZ509148
TR=4u]=3 F2509149
JC=62)-3 F2505160
Call ADMIS.ID% 0ntaTRAIC,VOL] E2509151

il CUNTINUE F2509152
10Ul RETURN F2ENG102
110 ICRR=] EZ25N491 R4
GO TG 1000 E2509155

END F2509156

» LABEL

CEenls F7513000
SURRDUTINE 513 E2513601

C GEMERATES FUR ELFMENT TYPE 13 STIFFNESS AMA LNAD MATRTCFS 7513007
DIMENSIUN A1), 28005113, NIB),D21(A1)4D33{3,3) F2213,31 F2513003

TP LA VI ZA Y KEAL VI ) U H) XD T YT e 200 THeRI LN} £2513004
CEHMMUN T4, 82 EZ512005

130

EQUIVALENCE( LAAAT(N21,032), (0211000 E22), (NPLU19TLE, INPYI201.GIF251 3008

EQUIVALENCY (1ACHY INI 410200 IHNIL (TAI3) T, (12L&} IPY.(TAIS), F3813A07
LIPRS Y- tIACEY, LTYPE) o (1817} IMATY L IEATAT, IDFR), [TALG) . INX: . L1AL1O),FP513003
ZIRD TRt PR IA(TZ) o IMMEL LTACT3), IMNVIL [TALLS ) IMMZ ) {TALL4] 4 F2513009
BIMEL . LIALYED (TAREL . CIATIZ I N ThE (TRIRE) Ml et IALRATITYI, 1141271, 751200
ALSTRESCLALZAD G 1ELT] o CEACZY) 4 ITEMI S [TAT3Q I, ITIEI11AI311, IMET), F25130L
FOIATAZ N ISUR I CTATAT), TN L (11341, IPS), LTALAY INST . 181371, F2513017
GINROF, CIACIEYI0PDT), (IATAY ) ACKL 1 OTACRNL, 10 _(1aiEYLY, 573, TI31301i3
PETALO2 103 LIRSS 4 da ) LTA1541 005 o ITAESSY 0k, (LAI5a) 07 ), (TAI5TFZS13014
BLadBY L VATSAY JTY ) (TAISAY, IRBY, (TA1SG], IBUY. LTALAL, LIDY, (1A{GF]FASL30LS

'JIIAI'(Iﬂ(ﬁB)v”JTl‘IiAIﬁ‘v]q“)V}.llﬁlb'J).lTF),lTAI’-l).ITﬂF’] FAS130LG
FUUIVALENCE (IAtAB) TCARY  (JAISTILECTN] W ( TAiRR) S ICTIY L LTA LGS, FAS130LT
LICIZ o L1ATTON ICFIT o { TATTLN IR T o [TAITZ), 1YY o {1ALTT) 11220, €251201A

ZUTATR4 ) LIC), T UATTS) . BDEF ) CIAUTOYI5T) (1407731151 F2513019
3. LT8ITB1IGIMI 181791 TERRY «LAA(ROY ,TEX (ARIEL1,DTIWiABIAZI D61, F2513070

"IM\(33JyALll.(ﬂ-ﬂ(a'ﬂ‘l\lzIqIAAHSBI.ALZD.lAAIBFvl-DZlJ-lnﬂﬂlOThP}s EZ513021
SOAACIIL L UV fAATISS )y X3 o I BATLOA) oY) LAATTTI) L 20 (ARIL1TON  KIH] o E2513032
AUAATIRE ), ¥D ) s (AA193), 20} LARLESE145], fAM1460) ,2GEM) EFSL3023

PalAAEAR ]y INP Y. (AR} TPHO) L EABLAG T TFER) » LAA LAY ) CONS ), (ALLGH] L FUFZS 13074
AYg AR AT A6l ) {8A14F ) GZ1 {ARIGY},G3) 2813025
EQUTVALENCE {(I12(3a9) NTIC)H CIALSGHY (ISNT) i TAE34T) ISDY) . {1A(3a8) F2513026

L-I1SDZH{1A{36a 1,040, 1181344300100, F18E303), JPRS), {1AL367 1, JSNYY E2513027
AafTATEAY Y JSO2] LT F240}, JARF] o (FAT339 ) JHWHX) ¢ TTAEIIR] o JMMY) E251302R
A TAL3TTY L JMMZ Y TAC30 ) JMFT o LTR 13350« [TAST o ( 1AT334), 102} F2S13D29
GallALIIZ] L IPRY, (RATES2 e NGY )4 LAATIZT].0GZ) . 15403300, PRFS] F2513n30
Syt1AL329 IR IR E2513031
EQUIVALEMCE 1ARI291 0,421, (AAT3243,FRED) F2513032
CALL COHT F#R12033
CaLL se3 FA813034
CONT=PRES#A2 /A, F?R13035
ey CNT F?513036
P(B)=CLENT £ati1anan
Py I=LLK) F2513N3R
PRCN=0, F7513039
IPEN=3 E2513040
TIGE=1GEM FZ513041
IGEM=¢ F2513047
CALL TRAM 1#£.0) ER513043
LALL STRA F7513084
IGEM=TIGE EZS13065
RETURN F2513048
EMD F2512047
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Table VII-36. Source program listing of subroutine $15 (Link 2)

BEL
5
SUBROUTINE 815
GEMERATES JFOR ELEMENT [YPE 1% STIFFHESS AMG LLBAD MATRICES
DIMENSTON TAI1)4AA011,511),TUA1,021(21).03313,31,02213,3)
LePL2a) qUN{24), 548) Y (8] 218}, XDIT),¥DiT). 20T, 51011
COMMON T4, 44

E2515000
F?5]1500)

E2815002
E?515003
FE2515004
EZSL5005

EQUIVALENLELIALRALLED21,032) IDZ1(10)E221,1021019).6),1DZ1120),6)E2515006
EQUIVALENCE [TACR)4IN) o ITATZ},IBNE,(1AI3],1T1v{1AIG),1P) . 1IALS], F2515007
VIPRSH, CTACS] (LTYPEY  CTACT I IMAT I CTALS (I0EGI, LIAIS), INX) . 1TAI101.F2525008
ZTHYS LLALTLY o 18) LTS L2 ) TMMX o ITALTI)  PMMY ), ITAILG)  IMMZ I, {TATTS) EPS15009
BIMFLL UTACLA) . TAREY p (TATIT ) TI1N} {14025} ,D),iTAL2AI,ETY), I TAIRT},F25150]0

SISTRIVUTACZRILZIELT), (T41200, TTEM), (TAI3D],ITIC) (14431),IMET], E2515011
SELAIARY, LSUMY - (TAL3A) L IND) -0 TAC34) A IMS) L (1AC3E] IDE) L [AL2T), E25150]2
SIURDT, (JA{3BE TORDL+01AL39) e ACEL De{TALIS0ON.J10,(1AI5L).d20, FR5l5013

TITRIS2Y, 030 (LAIS3) pJtt ¢ E1ALS4),d50, (TAIE5) . J6). I IA(561 .71 TAISTE2E15014
By dBl  (TALSBI TY 4t 1AIST 4 IBB)  CEALAOYLIBIT t 1ALALY L1+ {TA162) E25150L5

FILE 4 (1R1831 10T T4 0 A{A4)  IDT) L IALES ) ITFICCIALGL), LTRP) E251501¢&
EQUIVALENCE (1A16&)ICARIZLIATaT I, ICIRISIA(ERILICIVI{3ALAT}, F25l50LT
LICTZ o A EACTRY L ICF Ty CTATTI g IXX Dy LTALT2Y 0 1YY L TATTAY G177, E251501H
AULALT4Y 2 TIC) . (1AIT51, IDEF ), (TA1T61,IST), L IALTTINIIS) E251501%
3y UTAITBY, IGEHY, L1ACTY ) TERRD  (AAIB0) TE) . LAATALY DT, (2A1A2),00), E2515020
44884834 ALLI, (AAIBS] AL2),{AALAS ] AL3)+EAAIBAI.DZ]I-1AA{10T},Fl. E2515021
SEABIIILI UVI (AATLSS) +X 3 PARILOT) ¥ 1o {AALITLILZ), (ARTITGY XD« F2515022
BIARLIBE ), YOI (AAILG3) 4214 LARESS1 )50 (AALLUDT 4 2GEM) E2315023

TR A2 ) p NP o {AAL4TY, IPRG) 4 IAR{44) , TPENY s TARLAS] 4CIINS T ¢ AAT A}, TUERSISN74

BIy{ARIAT) 6L} (BA(4RI,G2).LARL49),63) £2515025
EQUIVALENGCE (1813491 .RTIC! . (1At34R),ISAT), IFAI34T) A ISPY 1141346} E2519074
1415NZ), (14134505090 (FA0346). 0100, (TR(343).JPAS)H, I T&1242]).050Y] E2slan2y
2o llA134Y ) L USDT ) LTIR3GO JARE) S [TA[IEG]  IMMX ) {TA(3IE]) 1 MY F281502R
34 (T8413371 e dMMIY o (LA1336) 4 JMFIN, (1A1335}, 1TAS].t1A13341,1D2) £2515029
AelIRIA33) W TPRY LAACITZT ¢ DY ) EABIIILILLGZ ) (AAL330) PRES Y E2515030
59 (1813291 IPIRY, (TAI32A).NAYI 11413271 .CFE), ITAIBZSI,ITTTS E7S15031
UTMENSION EMU4 63 EN{G, &), 000, 0] (EOL446] JLAXTEZ2T12Y 1 VET] E2519032
EQUIVALENCE (A4{2001,EM, {AA(216) EN.{RA(232}.EQ), {AA{24R),D) FP5L5033
LolAa (291 ) » A2« {RAIRIZ) IR X ). [ANL293]1,CAX) . LAR[266}.2210 E251503
EQUIVALENCE (AA(ZST1 XBARN, (RAL2ZT8]YBAA ], (CAX.Y) E25150368
SET RUUNDS FDA X SUEI AND X SUBI4i41 E2515036

ER3=D. 1 F7S15037
ERL=1.E-4 FZ51503R
XBAR=(X{1)+M12)+X(3)3/3, FEZSL503%
TER=TE EZS15040
Te=ABAR F7515041
oD 21 1=1,21 F2515047
Z2LE11=021( 1) F7514043
AAR{1.10% 221010 F7515M044
B33lk,21= L2LE2) E231500h
B33{},30= 231(4) FP515046
D3312,21= 22171 EZ8§15067¢
03302,31= 271091 EPS1904R
D3313,31= £21i16} F2515049
p33{2,11= D33{1,2) £2s13050
B3313.L0= D33i1:3) R2515651
D33(3,2)% D3312.3) F2515052
CaLt S05 E2515053
CaLl TRIM E2515Nn94
YRARSIY(1)4Y12)4Y(31) £3, EZ515055
YRAR=D. F2515056
E2211,2)=1211D) FAS16057
E22¢2+31=2211(8) E#51%058
E27{3,3)1=221113) EZ51505%
an o1 1s1.3 EZS150aD
E22{1,1)=XBARSEZZ{1,3]) ER515061
E22{142)=TNARKEZZIT,3) E2S15042
Flul./(2.%A%) FZ5150A3
EQ(3,107X(2)%1Y(3)-YAAR}-X{3)e ¥ {2}-YB4R) F7515084
EQ(3,2)=X{( 319 (Y{L}=YBARI=X{117 (7|3 )-YBAR) F2515065
EQI333)=X(L)%(Y(2}=YBARI=X{ 230 {¥(11-YBaR) F7515068
CDMPUTE THE INTEGHATION CONSTANT E?$15067
nn 15 1=1,32 E?51504R
Y(TI=Y¥(1}-YBAR EZ5150069
DO 32 1=1,4 E2515070
oo 32 J=1,4 E2515071
OITyat=0. EZS15072
LL=0 E25150 13
HNz0 EPS1S0T4
DO 1T 171,43 r#stsnTs
IF (X{11) 120,20,121 F2515076
IF (R(I)~ERL) 20,20,51 E2515077
IERR=1 E2514078
RETURM E2SL5079
Iax=1 EZ515080
G0 TN 17 E251508L
NN=Nb+L EZ5150R2
Li= F7515083
CONTINUE E25150R4
IF (NN-L) 8.8,102 F2315085
MMz E?S158086
00 1l L=l.3 EFSLB0RT
maLel E2Z515004
1F (M=3} BL.Ri,A2 F?SL50R%
M=1 F7515090
XXA=REMI=K L) E2515061
YyvsYEMI-VIL) E2514a092
IF (ABSF{XXX/SURTFOXXKSXXX UYYYRYYY)I-ERZ] 21.71,22 E2R15093
F3515094

0p2=0.
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nz3=0, £E515085
PEEES S A F2515094
&0 10 S0 £2315097
JE LABSFOXEMIOX{LIIERL} 26,74,40 F25160%A
IF (BRI 1173000 2515009
MM=1 F2515100
TE ILL-L} 26.25.26 F2s151n]
N=M+1 E2315102
IF fN-3] 27,27,2FR FP8151013
£2515104

F251510%

F2515105

2816107

Kafal F2515108
1F {K=31 30,230,231 F2515100
k=1 EZSIS110
GG=LNGF (XR1/X(NY] F2sisig
FENSV(KI=VIN) F2515112
Q33=v{M]#G6 £2515112
Q232 AV (M7 24G0+YKNT (2. 3V M) +v(N]+VIK) ) E2515114
022=-6. 5V IMISRIRGOHYENS (2.8 (VIN)EE2 4y (MITVIK) #¥ (%] %2} 2515115
1T +6AVIR) 224 RV IHYIEIV M)V IKT )} EZ515118
50 7O 50 E2SLsILT
LBGE X (M} /X(L)) £2515118
F(XLLYBY(HI-REM =y (L1 23X 25150ty
033=F=GG F2%15120
QZI=YYYEIT ME+{XILIEY(LY= X M) PV (M)} /NN )=2 . SF#%225C £2515121
QZ2=YY YR =VINI TR0 (LLL 2X (L) #P2=T 2 (LI T (M + 2, 0x(H}xe2) E2515122
1 SVILIE02ag [ SX{MI0RP—F. SX(LIEX{MI+2, 8X(L1527] EZ515123
2 “V(LI#VIMIEIS eX(L1eaZe5, 2XIMIRaR-27. 0 XILI#RINI ) ) JXKA®WZ 2515176
E] +6. RFRETRGG EE515125
012,21=012,2)+022/1 5.842) F25151 7
Q17431201243 4077/ (7, 447} F2515127
013,31:013,31+033/10,5042) E2515128
CONTINUE E@515129
AtL.1)=1har F2515130
0L, Zi=YBAR FP515131
0l1,3)=1. r2515137
0L2y11=0E1,7) EZ515133
913,11=011,3) E2515134
Qi3,21=012,3) Ez515125
Iak=a E7515136
CUNT INUE E2515137
00 2 121,43 2515138
o0 2 U=l F2515139
D330E, 35221 (L2180(1,J) EZ515140
CALL TRM IN33,E0,Q.3,3) EZ51Tlal
CAX{11=0. 2515142
CAXIZ21=0. F2515143
CAX(31=0. EPS15] 4k
CAXILAX3=), E2515145
OUTAX, LAXI=ZP1{12)¥XAANS (EAXULIXFN I3, 1140AREZ)EN(3,2)+CEXI3)%  E2515146
1 EN(3,31010a2 F2515147
CALL ADM 1S, ID5,8,3,1,1,F1) £?515148
CALL TEM (E22,£0,EN,3,-3) E7515149
CALL ADM IS, IDS.EN.3 14, L,F 1Y 2515150
CALL TRM [E22.EQ.EH.3,-3] F2515151
o0 3 I=l,3 F2S15157
2515153

EZSL5154

EX615155

EMI3,1)=EM(1.3) EZS15156
EM(2,21=EMI2,3} 2515157
CALL ALM [Sa1183FMy3p1,1,F11 EPS131358
TE=TER E351515y
TER=([X(11-0BARIS(Y{2)-YDARI-{X(Z)-XBERDSIY L1 1=VBAR] ) /12, 2A2) EZ515150
CONS=TESACEL SA2/4. EZ315151
CULyLY=TERS({XI1)-XBAR) =22+ (X | LI=XBAR )= 1X{21~XPARI+{X (7| -XBAR)#42 1E2515162
1 +xgnResz E2515143
CUZ,LISTERSCOYILI-YBARYSI2, 41K UTI-¥BARY+ (K[2I-XRAR) I+ (YI2)-YRAR)® F2515164
! UUXILY=XBAR Y +2,# (X (21-ABARD 1 /2. EZS15163
Ci341)=XBAR E?51516A8
no & 1=1.3 E2515147
ai1,2)=0, £2515168
PO 5 Kzl.3 F2515148
011.2}=6(1,23+EQ(T,KI=0iK 1) £2515170
CONTINUE FR515171
DU & (=143 ERS15172
PUII=CONSSGT011,2) E2515173
PIT+3)=CONS#G20(1,2) E2515174
IF LJPRS) Tu,85,70 EFS15175
IE CITTI=L) 71,7185 E2515176
KaY=NAY F251%177
GO T{ (B0,80,85),KAY E2SLSITR
CONS=IXL11/3,+X12)/6,)¥PRES/CEE F2515L7Y
X(L176.+%(2]1 73, IRPRES/LFE €2515140
PIL}=P(L1+¥D(1I=CONS 2515181
PE2Y=P (21470 LI STER E2515182
Piateclis]-XDI1 I5COHS FZ25191R3
PO5)=P1SI-XDi1)TER E25151H4
CANS=0 . F25151R%
1PAG=—1 F2515186
na 97 1=1,21 Ez515187
DEL(I1=221(1) E2515188
RETURN F75191R0
Enn E2515190
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Table VII-37. Source program listing of
subroutine $17 (Link 2}

¥ LABEL
CE2ASIT FFSLTONO
SUHROUIINE 517 £25170m
[ GENERAIES FDR ELFMENT TYPE L7 STIFFMESS &nD LNAD MATRICES Ezsliooz
DIMENSIGN TATT) AACThaS11)4NI#1,021(21).N3313,3),€22{3,3} E2517003
1aPUZ6) UV{24), KT8], dA), ZIRICERITI L YDCTI 20072 GLLN) F25LTA0L
COMMON (&, 84 £2517005
EQUIVALENCE{ LA RAT41D21.032).1021(10).E22),(0211L9),E),0(N201{20}.L)E2SLT000
EUUTVALENCE (1AL1) 2 INY  ITACZ] ¢ IBRY (CEAC3Y IT). 1114 1P, LIALS),  E2517007
LIFRS T (IALA) o TTIYPE]w LIAL7 I, IMAT) ITAIRI, IDEC) {1aL9) INXI [TIALLD)F2SLTUNY
2IH S ITAILL o+ IB3, (TRIT2), IMMAT, (1AL 13N IMMY ) (TAILAY IMM7 ], (TAT15).E25170049
3IMFI) wCTA{YA)- TAREYS ITALLTI N{LY I (TACR2S) M) ITALZAY,ITY), ITAIZT),ER517010
41ATRIA1TAC28 ) EELT N I TAIZO) ITEM}LITAIBD] L ITICH, fTATST) L IMETY Y F2517011
SULATSE2 ) TSURI TTAI331, INDI{IAI34) 5 IHST {1AT38),1058).{14737), E2517017
HINRN) , ITALART, IIRDLL, (IACIG 1 ACEL 3y LIAISDI A1 el AIST} U2}, F2517013
TUIACS2Y,J3 ), (TA(53),04), {TA{SA] 4 Ja b I TACSS) 4 do g (TALSE], UT 8 (IA{S57F251TCLA
BlvdBletlA(S8), JTY}A(1A{591.1BB), (IACA0),IRON .t TAELY.ITDL. {1A{B2]}.E2517019
QITAY L (TAC6T) IBT, (EALS4D.IDY 1. [EA(65).1TE - [404b), 1 TaR) F2517016
EQUIVALENCE {1A{6&)  TCARDI(IA(STLICIR) . IT406R1,ICI¥Y (1A {89])., E2517017
TIETZp CTACTO S ICFI ) LTATY LI, IRX )2 ETATTZY 0 1YY ) (L 1ALT3) 41221, E25L7N1R
2LIA{TAN,TIC, {IAIT?5)  IDEF ) £ 1A(TE) (ISTY,ITR{T7T],T15) Fz517019
3,(Tal7B], IGEMI (1 TA{TI}IERR) +{AR{AO), TE)«{AA(BLN DT}, {2A(R2),NG), FR5L7020
GIAACBIN AL L)Y IAAIB4YALZY {RATBS) ALY+ {AALBE) DZ11-LAATI0TY, P), E2517071
STAACIILI yUV o CAATISST X1 EARTIAB 1LY 14 LAALITLIZ) ((AACLTYN XNy F2511022
SLARCTAB) 4 YD) A LAALISTI o2 LAACSSL] 510 (ARTLD) o 2GEM) E?S170723
T AR 42}, INP ), [ AA143 ), IPRG) , (AALAL) IPENY, 1AR 145D 4CONSN, (44746 THERSLTO24
S1e {ARM(ATY Gl (AA(4B) G2}, (AL(4T}.G3) F25170%5
EQUIVALENCE (TA{349) ,MTIC),(TAI34A), ISAT} 141367} ,050V], [144348) E25L7026
Ly ISDZ) (141345 ) 40090 f1A1T44] 10T, 1 [AC3430,0PRE). (TAI362), 08071 E2817027
2o 0TATIL1) 4 USD2 )4 F1AC3401 4 JARET ¢ CIAT239) S IPMA )L (LALIZBY, JHHY) F2517028
3. ITA(IBTLOMMEZ ] L (TA(33G ), JMFT ), TTAL335), ITAS) 1 TALT34),IDT) E2517023
4. (141333 TPRY ((RACE32).0GY, 1A81331),062).{AA03301,PRES) E2517030
S.01A(3291.IPIR) €251703L
OIHENSION EM{&4 &1 ENIG,6) Q{6,461 ,EQL4,4) 2517032
EQUIVALENCE IAALZOD)-EM), (8A1Z16)ENI, (AM(Z321,EQ)-(AN(248).0),  EZ517033
TOABE 2041 F1Y 4 (AA{2O51 P24 LARIZ06) (AIIY ) o TAALZOTI p XAY) E2517T034
ERI=1.E-2 E2517035
BOY=SQRTF {XD{1}eel+¥Ni1)n22) E2517036
KAY=(X(L1+X12} 072, F7517037
IF {BOYI L4l4&1 EZSLTO8
41 IF (XAV) 141,42 E2517039
62 TF (X(LN) Y443,43 E251TN40
L] IF (X121} 1.44,44 E25170al
“wh AlL=xDitL)/p0v F2517nag
RE=YDILI/BOY €2517043
GA=BUY FXAY E2517044
Q1,1 EPS1/045
1142 E251Tae
1,3 £2517047
Di1.43=BE F251T04R
Fi=TE/GA F251704%
CALL THM (D33,U04FHe) 40 F2517050
CALL ADM {S,IDS Efahs1414FL} EZ517061
Fl1=TE*D33{1,2) Fes17os2
GHl,l)=-aL E25170%3
Qize? L EPSLTOS4
t1.,21=0. E2517065
QlLZyl . 2517058
CALL ADM (5.ID5,0.2 0500 F1) F25170457
D1l BE/2. E2517056
It 11,1} E281708%
Ql142}=—R1{1,41} EPS1TDAD
B{z,21:001.2) E2517061
CALL ADM (5,ID5,0,2,1,3,F1) E2S1Tn&R
IF (ABSFIALI-ERY) 24.24.25 E2517063
26 F1=TE®D33(2,2 16GA F251T064
Wily11=0.33333333 F2517065
QU1,71=011.1)42 F7SLTR66
Q12,11=011.2) F?517067
Q2+2)=011,.1] E2SLTNRA
GO TO 3u EZ51706%
2y IF (RI1)EX{2}) 26,23,26 EZS1TOTO
74 P1=TESD33(2,23/12,¢4L) E7517071
TR X121y 271.271.29 EPRLTOTR
2/l Fl=-F} F2517073
2y FPSLTUTS
£7517075
£?5170%e
E2517077}
FrilTalg
26 GULSLUGFEX(Z17X¢11) E281 7079
ALSBROYAGIL/ XD E?S1T0A0
BL=1L.~X{1)%GOL/XDC1) I#R0Y/A XD (1) E2517061
Cl=iXbV/XD{Y =2 #X L)/ XDL LI+t 0L /X001 )] &+PH00L 1SBOY S ROTL ) ER5170A2
F1=TE¥D3312.2) E25170A2
Cl{1.11=R14C1-2. 28] £2517084
Urt,2)=A1-C1 £25170a5
Qiz,Li=001,21 F25170RA
Qi2y21=C1 £2517087
30 CALL ADM (5,105.8,2,1.0,F1) Ea5170kd
1PAG=-1 £25170A%
FL==PRESSYOL 1) +30YCACELS TESG] F2517090
F2= PUESHXDILI+BNYRACEL#TR G2 E281T04L
ALEXI1)43,+512) /6, EasL7ng2
BE=X{Ll}/6,+X(2}/3. F2517092
Pll)=Fl=aL EFSLTNGG
P{2)=f1aBE E?517085
Bi3)=Fasal £251 7094
Fl41=F29RE F2517097
9 RETIIRN F2517T09R
1 1ERR=] E2517099
e T8 @ F?5171n0
END F2517L01
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Table VII-38. Source program listing of
subroutine S18 (Link 2)

@ LABEL
CE2518 E251A000
SUBRUUTINE 518 EZS1RDD}

C GEMERATES FOR ELEMENT TYPF IR STIFFHNFSS AND Lf1AD MATRICES EZ5AD002
DIMENSION [ACLTARILI,S{1) NIRT,DZ1L2114D3313,3),E22(3:3) £2518003
LaPU2L)UV(241, K08 Y180 20A),X0IT).YOUITI.20(TIGLIL) E2518G04
COMMON TA.84 FZ3LA005
EQUIVALENCE(IA AR}« {D21,033) 1021 (10},E221,(DP1119),E1,ID211Z00«GIF2518008
EQUTVALEMCE (FA(LEoTM}, IT&E2), [ANIL{IAC)L 1T TRI4)4IP), (1ACS5), F2SLANOT
LIPRSY  {14¢63, ITYPEY 1 {IA(T) L IMAT), (AR} EDEG) (1412, INE}, (1R110),F2518008
ZIHYLLTACLLY I8~ 1A41 20, FAMR ), (TACL3)  IMMY ) (TR (LA}, 1ML ) (TAE15).F25LBONG
AIMET) LACIAT, TARE D A TALLT ) N1 Sy ITAL2S ), MY I TAIZAL A ITY ), T1AL2TT,E2518010
AISTRIG{1ACZHY TELTE o (1AI29), TTEMI (1AL v ITICT o LIATRI 14 INETH, FP51HOLL
SUTALAZ N, ISUMI (TA133), IND)  1A{34), THS) . (IAE36},ID8) (14137, E2518012
SIORDI L IA(3A), [ORDLI, (TA{30) ACEL 3, 1Ta 15001 ,J2l,{1A{SLId2), E2518012
TLIAISZ1, 03 e 11AT53) ¢ Jé) o LIALSE) (5] 41180550601 (LAISAI-JTI - ITA{STEZS1801k
BBy { [A{SBNadTY) o {IAISYI21BB) - (TAI60NIRMI,{IATAL), 1IN} (IRI62},E251B015
SUIAT U IALET ) IDNTHy (IACAG ) IDY I, ITAIAS ) ITEY »i1ALSE1), ITAP) E2518016
EOUIVALENCE (TAfHAT 4 [CAR).{TAISTILIGIXYLITALABIVICIYI{1aCAST, FP518017
LICTEY, TIA(TO), TCFT), I TATTY L, LEX T O TARTZY, IFY I TR TR IRE ), EZ518018
2{[A(T4) TIC),(18{T5)4IDEF ). {14176} 15T), 1 1&1TT],EIS) E251R801%

34 CIAITBY IGEMI 4 {TAITS) (TERR) A (AATBO)«TE} A [AATALYDT) < CAACB2) (DG) . EZS18020
4{AATBI) ALY ) [ARIBGI AL2 ). {ARIBS) AL}, ARIB6).D212.[AA[LOTIP), E251A02L
SAATTIL I sUV I IAAILSS )X al8A1163) Y ) alAAC L] e lARLLITS o D), FEZS1A022
ACAATIAO) FO) s LARLL2A) 42U+ [AALES]},5), (AD(G0} 4 ZGEM) EZS$1A023
ToUBAL421 o INP 1, (AAT433y IFBGY . (AR(&4) L EPENT, {AAI&S].CNNS], tAAL%A), IDERSLBOZE

Bl CAA(AT). 6L, (AAT4B).G2)a(AA149),53) E2518025
EQUIVALENCE 11R1249)-NTICH, (IAT25H) . 1S0T 1, LIAC347), 1800, 1A1360]) F251B026
FalSHZY S TTAIEG5) 3090, (TA(34R)5dLU] e 1AL34314 0PRSS, (JAT342]),050Y)  E2S18027

2y (18034610 JSNZ 1, (TA1340)  JARED I TAUS3Y) L JMMA )4 (TA(3AR) 4 JMIY) E2S1ADZR
Dx(TA(33T),JMMZ ) [ TA1336},JMF 1), 1T8{325],1TAS)(JA(334}4102) E251AQ2%

4, (1403331, 1#R) . (441332}.DGY) (AA(3311,D02).{AA(23C) PRES) £2516030

5 (EAL3Z9) 4 1PIRY F7518031
DIMENS ION EMI4 46} EN(G 4] DA, 4) 4 EQLG,4Y E2SLANZZ
EQUIVALENCE [AA(200] EM].1AA{206}EN} ., (A4(232)4EQ), 1A8[248).0), E251A033
VIART264) s FLIy (RATZE5)1 F214 LARCZ8HTRAYI 5 LAALZBTY  2AV) EZSLRN34

10 CALL 517 F2518015
F2=TERa3/12. F2S1BD34

IF AIX0{1)] 26.,25.2% Ezslan3t

26 IF IX(1)¥K121) 28.27.28 E2SLADAA
2/ FL=F2%B23(2.21% XD{1}/(2.5H0Y) F251A039
1F {X%(z}r 271,271,249 EZ51 040

2%1 FL=+-Fl EZSLRDGY
6o TO 2% F251A042

26 Fl=F2eD3312,2)£1XD11) B0V Rl E2S1B043
29 CALL ARM 15, 1D8, 00 2,5,5,F 1) E25180%4
75 FL=F2sD3311,1)®XAV/ROY E251RO45
(1 1=l E?518046
0l1.21=-1. E2510047
QU2yli==1, E?S180%8
Qiz.zi=t, E251h04Y

CALL ADM S,I05.042,545,FL} ERS 18050

36 QlLells-1. EZ518051
Q121204 F251A062
a1z,11=0. E251A0%3
F1=F2eD33(1,2 18%01 1) /00Y E251B0%4

CALL AOM (5,IN540.2,5¢5,F11 E2518055

3n FisTE®XAV/ROV %3 FRSLRO56
EMUL, L1=¥D{L) E?51AN57
EMILa2)s=YOI1) F251ROGE

EM{1 3 1==X0D111) E2518059
EM{1,4)= 4ADIL} E2S1ROAD

CALL TRM [EZZ,EM,Q41,%) Ez5180A1

CALL ADM (S,IDS.9.%.1,1.F21 E2S1BNAZ

ad DIl 1YsBOYSTGsH. E2518063
OIL.2)=00151) E?S1RUG4
DI2,13=011, 1) E251A065
012,2320(1,1) E251ANAS
F1=FL*E22[1,1} E2518087

CALL ADHM(S,I0S,0424545,FL) F25LB0AE

a4 O(1,L1s-tBOYS=ZI7YDILI/2, £251806%
011,11 F2518070

L.l EZ51R0T1
Of3.20i==011_1} rroignTr

CALL 80M (5,1D5:@.2¢1.5.FL) EPSIENTS

20 GULLI=iRBUYERIIRXDCLI/S2. EAS1RMNT4
BI1y21=0{1,1} EZSLROTS
01141 F251A0TS
Q(2.21-011,41} E7S1B0TT

CALL ADM 15:105:02Z¢2a5:F11 E251H07H

5»  U¥([5)=@. EF51807Y
UVE6)=NG&RNY &AL Ez5180R0

su RETURNM E251ROA1
END £251A0RF
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Table VII-39. Source program listing of
subroutine STFS (Link 2)

SREL
F FPSTFOOU
SURRIIUTINE 5TES (IFLT) F2RTFDOL
SELELTS PROPER SUBHOUTINF FitH GENERATION OF ELFPENT MATRICES E2STFON2
IELT=LELT E25TFOOT
GU TO (14233,4,5,5,7,7+6:8.9, 9. 10,10, 11411412413, 1ELT E28TFON&
caLL Sol E25TFONS
G0 TO 100 E2STEODA
CALL S02 FRSTEODT
GO TO Lo FPSTFOOH
CALL 503 F?5TFO09
50 TO 190 E25TFOLA
CaLL 504 EZSTFO1L
o0 TO L0 E25TFOL2
CALL 505 FZSTED13
GU TD 100 E2STFOI 4
CaLL sO7 EPSTRDIS
GO T0 100 E25TFOLE
CALL SD9 EZSTEDLY
GO TO Loo E25TFO1R
CALL S1L E2STFOS
&a TD 100 [FSTFO2D
CALL 5173 FASTRO71
Gil 70 100 E2STR02Z
CaLL 315 FZSTENRD
G0 TO 100 E25TFO24
CALL 517 EZSTFORS
Ga T 100 E25TFD?
CALL 518 EZSTFO27
RETURN FPSTFO?A
END E25TFN?Q
Tahle VII-40. Source program listing of
. .
subroutine STRA (Link 2)

ABEL
R £25TROMD
SUBROUTINE $TRA F?5TRON1
TRANSFORMS NESCRIPTION OF FLFREMT MATRICFS FROM LOCAL T0 OUFRALL F23TRANZ
DIMENSTIN TATLI AATT FaSUT I NIE] DALIAT Y D3313511,F7283,31 FZ51KODY
LaP (26 UNI24 ) v X B Y {A) 2RI XDLTH,YDIT) a2 TG FP5TRDNG
COMMON 18,48 EZSTHDNS

EQUIVALENCE! LA AT, tHZL D330 (D21LIN)LEZRT,(D21{19),E) (D71(20}.G1R2ZSTRANS
EAUIVALENCE A EATL 1o IMI (TAI2 BN I8t Z, BT T4 IR). {IA(S), F25TROOT
PIPRS] ¢ {1ALE 4 ITYPE o LIALTIAIMAN W CTATRT 2 IORGE e TALON c TNK - CTAILO) (EZSTRORS
AIH [TACLID IR ITALLIZ]y THME Y, ETALTI B IMMY ) o LTAT LG o IRMZ 1 C1ACLSY F25TRODY
ATHFI i IA1LA ), TARE] LA T Y MILI, (1RG22, M I TALZAIITY}.ITALZTIE25TROI0

GISTRYL{IBI2A)Y L JELT) o {TAIZ W ITEMI, I TAI30L, ITIC].T1Af3T ) IMETE. FZRTRO11
SOIAT323.TSUM I I FAE33 ), IND] {TAI34), IMSY (TRI36],1D5), (16371, F25TRDY2
E1ORD} L [IAL3B)EORDL I ITAI3S) ACEL T2 0 TAIBO) L), LTALIS1] 12} F2STHAL 2

TLIAIS2Yad A TJAIE3 o Jed, (1ALGS) c 05 o ITAISS), 6] (18158}, 471 [ IG(STRZ5TROLA
BhedBY. (FAISHBILITY o0 1ACSY) s IBHI I TATEU  IBDI (TATB1Y . 11D (TA(BZ] (E2STROLS

Q1IA ), (IATa2IINTI ILALSS 1, 10T, {1ALASYITF1 0 1A{aL),ITAP} E?STADLY
EQUIVALENGE 11A{66), ICARI L1ALAT)ZICIX L LIALARRILICIY) . LVALES), E25TROLT
IMCTZY 4t FAITO L ICF I TACTLY QI RX DG A TAITZT L TYY D WA TALTRI T2}y r?5TRO1A
2LIALT4 s LICH N IAITS ) IRER) S FTALTEY L ISTH. 0180770, 118) F28TRO1%

T, TR TR IGEMI W TACTUI  TERK b TARIBO I TEI . (ABIBLYADTI(BAIRZ )06, EFSTAORD
GLARTAINLALL )y LARIAL ) ALZ ¢ TAATBS) g AL IAALRE) AN21) L (AACID?).P)Y, FZRTROZL

SCAMTLALY UV ) TAALIST ), K)o (AACLAB) ¥l (AMITI}aZ) 4 IARTTITR) X0, FZ5TROZ2
SLAA{T8E) YD) (A81193),ZD], {AACISL) S, (AR140], ZGEM) F?5TRN?3
e LARLI4Z 12N ), (BB [43 ) IPBG! 4 TAA(SA] IPEN) 4 TAALSS ) CNNS e LAATLE] (TUERRTADRS
By (BA{411,CLY  (AA14B),GR],{AA(4D].G2) E25TRNZS

EQUIVALEMCE {JA(3eO3NTIC), (TA(348),180TY. 11412347, 15DY), (14(348) FISTADRA
L0502 (1AL365).09) 5 L LAII44] 2100, ITAL343] . JARS) (L A(262), 45DV F?5TRO27

2ot IA134 ) ¢ JENZ Y CLALZG03 4 JARE ] o TATSIAQ )y dMMEY 2 T LATI3A) 4 dHMY E25TADZA
By I TACB2T ) JMMZ Y ITAL336) JMFT ), ITAI235) ( ITAS ) LIAC334], 50 F28 TRN2G
Gy [TAI232) TPRTLAMI B2 DGY 1a IAALIEE],NGL), (AA{350)PRES] EZSTHO30
SyliA(3291.1PIR) F25THO3]
==105 E25TRAAZ
op 5 1-=1.105 F25TRD35
JEJHIDE F2STROA4
CALL fRAM {50 E25TRN3G
CONTINUE FZ5TRO3S
laRg=-10% E2STRO3T
TEBB=-ENS FPSTRADIR
N & Is1.1D05 F2SIRE39
TABB=LABE+L E25FR040
lag=1ape F25TROG]
IEBB=[EBR+INS E2STRA4Z
IRE=TFREE F25TRO43
Dr 7 J=1.108 FPSTRN4%
1AR=TaR+IRS CPHTROGS
IRE=IBE+} F2STRA4K
IF 11AB-1RE] FaT4l3 F2STROLT
TEMP=5t IRE) E2STRNDAR
SUIREN=S|1A4R] FRETHNGY
StI1ap)=TEMP FZ51RASD
CUNTINUE E25THNSE
CONTINUE F28TROS2
JE=10% F25TRORS
no g I=1,008 FZS5TROSA
Jed+ 108 FR2ERTROGS
CALL TRAN (5..10 E2ETRAGE
CINT [NUE F2STRONT
RETURN FZSTRNSR
END r#RTROS9
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TICK

FIKST

ONGE
INLIL

Table VII-41. Source program listing of
subroutine TICK (Link 2)

FAP

COUNT bl
LEL FICK
ENTRY 11CK
KZT NG F
THA FIRST
CAaL 5

sum INITL
ALS 12
SLH¥ Les
TRA 2ok
5TL ONCE
CAL 5

SLuW INETL
S1L# 144
Tha 244
FZE

#1E

END

TILKONG
TICKOD]
TICKODZ
TICKONT
TICKOO4
TICKEODS
TICKQODG
TILKOD?
TICKOOR
TICKDOS
TICKOLO
TICKOTL
114012
TICKD1R
TICKNL
TlCko1 S
TICKOLle
Tickm 7
TICKOLA
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400
450
LX)
480

Tao

BUQ
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1ueo

1100
1200

1300

1400

la3D

15U0
1500
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Table Vii-42. Source program listing of
subroutine TOPO {Link 2)

LABEL

14 EZ2TAIRPONO
SUBROUTINE TOFD EFTORANOL
PREPARES ELEMENT FROPERTIES E27D0002
DIMEMSION IACLI AAELY (S711,N{BY,D2L{20),N233(3.3},E82013,3) E2TNPDNZ
Py PE24)1 UNIZ6) X 18 VB TIA1,XOIT Y. YOIT},ZDITha61 L) E2TDRO0G
COMMION 1AyA84 FZTIIPDAS

EOHIVALENCT 1AL MM (BZ1,D33).1D2L110).E2R)+ IB21I19},EX4INZ11201,GIC2TOPONG
EQUIVALENCE (1AL INT CIAL2 Y, IBNL (1AL, IT1 (TR04], IP),[[ATS),y  F2TOROOT
TIPRS I (TACE) ITYPE]  {1ALTH, IMATI L IAIRB) S IDEG) i 1A19). INX) . (1A{10).E2TOPO0E
PIA S LLALYY b, 181 LFATLI2) 5 IPME) L ITALL3) w IMMY ] 4 TATTAN, IMMZ)L ITAILS] (F2TOPDOY
ATMFI N, LIACLAL EARE ) (1ACLITI NI {18250, M), (TAIZ8), ITY ). (IAIRTY,F2TOPOLO

GESTR, C1ATZRYLEELT! o ( TAEPYN I TEMI, (DAI303-1T20)-{048{31],INET) E2TOROIL
SUTAI32),ISUN] C1AT33 )}, INPIL LIAC34), TM5 ) E1AL361, 1050, (14027, Farapgr2
GIORD), (TA13B},I0RDY o ETA(TNACEL 1.t 1ALSOI 10 {1A{5L) <20 EETOPOY2

TIIAIS2 e d2)a LIRS ,dal (TA1G4Y .50 ((TALES),d60 i { 1ALSS) A1), (TATSYREZTAPOL &
BYyJBI, CIAISB) e JTY ) (LACSTILIRBBI (1ALe0), 180 FFA{AL N TIDI ITAIGZ 1, ERIOPOYS

GITA) 4+ LIALEZ N, IDT e (TACES)2 1DV, (TACATILITEY, (T81411.1TAP] EZTOPALG
EOUIVALEMEE 1IAIAS1IDAR I ITALATILICIXY, ILAIGR)ICEYAIT81AS), E2TOPOYT
TICTZI, ITAITO) ICFT ), (CFAUTY ) IXR I L IAL T2 DYV L0 1ALT3), 1210, E2TOPQLA
ZUTALTA) 110 (L TALTIS) IDFF] 4 E1AITEI W LST A IIA(TT)LIIE) EZTNPNY
3. (1ALTO) L IGEM] 4187}, IERR) L LARALEON, TE} |AALAL1,OT). 1AAIB2), DG, FRTOFOZD
GUARIB3) yALLI IARIB4] <AL ), (RA(B5),AL3) ,(AA(A6Y,021 ). LAATLDTI4PY, FE2TOIPOZ]
SUARTLIL) sUV I TARILSS5) e X ) {AAE1631. Y (AALITE], 21, (A8L1TN, RDY, E2TNOPO22
GUAATIHG} YDy IAA(L1TF3} 420y LAAT3S5L 145, (AALGD 1, ZGEM) 2TOPOZ3

TolAA(G2)y INP], (AAT 43}, IPBG], TAAT4A ), IPEN ] TAATGS) 2 CONS A LAR TGS ), TUF2TOPGZ2G
Bl AA147 0,01, (AACLA}, G2, 1RA(RT) 63 E2TNROZS

EQUIVALENCE [1A(349) ,NTIC). (141348),150T),(1AC367) . ISDY) . (TAL34H) FPTOPOZA
Lo ISOZI-(1AC345), 09111803441 J10), (TA1343),JPRS ), ITAI342),J50¥)  E2TORGR?
2y tTA436L ), JSDZY ITAI340) cJARE] (L TATI39) ,3MMX] 4 {1 A{338) 4 JMMY] F210P0n2a
Fp 0 1AC33T ] UMMZ ) ETAT338), JMFT) LI TAT335], ITAS) . I 1A1334) . 102} E2TOPO2%
Gy{1A(3A3N, TPRY, LARCAIZ] (DRY I TAAI331I 4G}, [AATI30) - PRES] E2TOPO30
5.114{329),IPIR) £2T0PO3L

IELT=0 EZTOPGIZ

ITEM=D F2TOPDA

ITIC=0 E2TNPO3G

IMET=0 EZINPDAS

00 1o (=1.8 E2TNPO3E

M{1}y=0 FRTOPO3T

K=1+335 E2TOPC2A

1AIK 1=0 E2TNPO3Y

JM=dL+M ERTIFOAD

TELT=1a{JM} /100 FATAROGT

IMET=Ta(JM)=100%ELT F2TOPQGZ

NEENFLL) F2TOPNG3

IF (IELT=4) 100.100.:450 E2TOPOSC

IF [IFLT=3) 200,300,200 FRPINPO&LS
JARE=TA (M) /100 EZTOPOLA

LTEM=1A{JH)I-100%JARE ERTOPO&T
60 TO 400 EZTOPG4B
JPR§=14(IMIF100 E7TOPNGY
ASOZ=IATJMI-TUDRIPAS F270P030

TF {IELT-3) 600,300,800 FRTORPOA]

TE (IELT-1CG) 470,470,500 F270PO52

LF ([ELT-A) 500,500,480 EATOPDS
JPRS=141IM}/100 E2TORENGA

ITEM=TA(JMI=1NGRIBRE ratnenss
L=1 EZ10P0%4
GO 0 1000 E2TOPOST

ITIC=1A{ M3 4100 F? IDPOSA

ITEM=EATIHI-100ITIC F2I0POSY
REENES FATNROGD
JSDZ=1A0JMI /200 F2T0POSL
JPRS=TA(IM}-1002JSDE F2TnPoa2
L=z EZTNPOAHS
GU T 1000 £2TOR0K4
M= 34N EITOPOSS
JPRS=TALIMY EPTIIPOGE

= EZTUpost

TFOUTELT=2) 1000,700,700 EZ2TUPORH
JH=JaeM E2TOPO&Y
JMMZ= 1AM 100 E2TOFOTO
JSOY=TALIM) - 100 =IMME F77APNTY
L=3 E2TNPOT2

IF (TELT-43} 1800,900,1000 E2TUBO73
JM=J34M EZTINPNTS
JMME=141JM) £100 F3TAPATS
JAMY= AT IMI— LGOS IMMX E2108076
L=z E2TOPOTT

Lk (IELT-5) 1000,.700.1000 FZTUPDTA
JH=J5 M F211POTY
JSNZ=TA(OM) £ LOC EZTNPDAN
JHFI=1A(JMI=300%I502 E2TNPOAY
JH= S5 EZTOPOAZ
JERS=IALIR) EZ2TNPGR3
L=q £2TUPORA

=3 E?TOPORS

GU TD 11100,1200,1300,1400) L E2TOPOARA
JM=J3eh E2TOPORT
Nl =TA0JM) E2TOPORA

I=1+1 E2TOPGAY
RLLRERL F710PN9n
NUTI=TA(IM) F2TNPN31

I=1+1 FZINpDe?
FLENER EFTOROYY
N{I}=[41JM} FATORDGA

l=1+1 EFTORNYS

JM=6+H EZT0IPDRE
REEI21AGIM) F2TNPART

I=1+1 EFTNPOSA
JH=0T M €7T0R0aY
MULy=1atJm) E2TOPLON

i=l+l E2Tapint

M= R ERTOP1OZ
N{IY=lACINY F2TALO2

I=l+1 F2TOPL04
AM=dgTh E2TNPLOS

e FPTOPIDS

=1+l F2TIRIOT

JM=J104+M FATNR1AA
LR RER YL 3} FPI0P 04

TF (1-1H) 1600,1600,1450 F2TOPLIG

THP=TH+1 F2TOF1LL
DO 1500 I=1HP,B F2TARILZ
NIli=0. F2TOPTLR
RETURN FZlpyia

END FATOPYLS

Table VII-43. Source program listing of
subroutine TRAN (Link 2)

L LARRE
LEZ RN F2Tamn0n
SURRIUTINE TRAN [A.IFS) FRFUNGAL
c TRANSFORMS THF DESCHIPTION VIF A VECTOR FROM LOCAL TN NYFRALL EATRENGD
DIMEMSTIN TA(T ) ARTLT S0LYNIBINZLI21)aN3313,3),F2713.3) FZTRNODD
LB ZaY UV 1260 K{R) L VIRIZZIAIADIT)VINTIFNLTG111) EZTRNODA
LLMMIN LA g Af FZTRHONS
EQUIVALENCEC 1A 883 - (N21 0330, ID21010V.E22)4 (D211, 61, (0210201, CIE2TRNOOS
EQUIVALENCE (1At1}4INIlTAI2)2IBNE, 01842} 8T)a 118050, TP){FALSY, F2TRNOOT
TIPRS) s (1AS&)  ITYPE N {EACTI L IMATI, (IATR) ¢ IBFGY 1A T2 INKIL LTAILO), F2TANGNA
ZIHI, CEAILI ) 1A, HTAELZ)  TMME b, ITALIS L IMMY 1 (1AL %), IMMZY - [TAT15)-FPTRNODS
BIMEI Y4 LEATLAT e TARF Ly 0 LALRT .M I ) (TREZ Y ML (LAT282 4 ITY I 181270, FATRNDLO
SESTRYLUTAIZAT(LFLT 1 0 TAT29) TTEMT <t 1a030 ), ITIC (TAR3L) . THET), FAIRNN] L
SUTA137), I5UMI IR, IN0Y A 0181300 JH3),i14136),1D5],11813T), F?IRNDLZ
GLORMBY . (16 13R}, INRDY L IAE39DLACEL Yo LLAISO I e IIAISY) L), F2TaNOL 3
TUIACEZ) +J3 Y 1AIS31,J6) [TR{R4), 051, 11A159)4d6)  LIATSEY 0T ), i1ATSTEZTRNOLL
By dHhy LTAISRIJTY . TRI52),ERBILLIALGD], 1AN . LIATE11e LI 1180623 -F2TRNCLS
QITAY . 1TACAI N0l ITALGLY IOT I ITRISS]ITR) ((IAL&1],IT4P] FP21RNDLA
EQUIVALENCE (TAIASIyICART IIAILTYILEX ] 1ALAR) . ICIYI ITATES), FATANGLY
LICTZ o (TALTO L ICFT TR FE N IRAY S IEAIT2 0 YT YA 18172) 13200, E2TRHOL S
FUIALTS) o TIC I ACTS YL IDEF) {18476 F5T) {TA{TT 4115 EZTRNOLY
B iTAITEN P IGEMI [TA(TA) . IFARY . [BA RO TE] (AL TAL) DT, LAACRZ) 4 D61 F2THNOZO
ALAACHI) L AL1 ot AAIBA)JALZH LAAIBS) 2 AL3], {8A(He), 1P ). 184{1N7),P}y TFRPIRND2]L
S{AMTTAL I UV AL LA5 X o AMTTAIIWY e LAALLITLI L Z)LAALLTS) %D, E2TRHNZZ
BLAACIRS YD) - (ARTTIS3}, 20}, (AA(2SL], 50, (ALT40) JZGEM) EZTRNOZ3
T lAALGZ I ENE ) {RA(43)IPAGT L {ARIS4 ) IPENY . [AA1&S) CINS ) CAAL&BT, IUE2TRNDZY
Bly CAALATYAGLISIARIGET, 2], (ANIESY,6G3) EZTRNDZG
EQUIVALENCE !I1A(Z41 NTICH CiAt3a8 1, 150T . (TAI347),150vE.{18(3456) FZTRNNPA
1 l8DI) e [TAI345) 4093, (TAI G} JIGY I TAI343 0PRSS (TR 347) . JSDY} F2TRMDZT
ZelIR(341 308020, 1 1A1240),J8RE} 4 TALT30)  JMMX ] 1 JALTIR) 2 IMMY] E2THNO28
Spt1AT23T Y UML) 1 [AL336), JHFL), (241335} ITAS) (ITAL334Y.IN7Y FZTRNNZY
Gy {IA1233), IFR) 2 LAALS2Z).DGY ) (ARIB3L1,NGL) £ LAALAA0}, PRES) E2THND 30
SalTA1329),IPIR) E2TRNO31
DIMENS LUN EMI4, 63 4EM(404 ) B4, 0l o DIR{Z 31 DUMITH] E2TANN3Z
EQUIYALENCE [AA[200)1EMI 4 1AAIZIE),FNI{AAC232),EN). 1ARI24R). Q). E2TRNN33
TIARIZ264)4D1RD . (AATZT3LOUM) FZ1RND34
DIMENSIUN 891} F2TRNOAS
1}] IGEMP=1GEM+] F7IRND 36
Ldl=¢ EZTRNAAT
LRalFS—-4% [ M5 F2TRNO3R
2u 20 200 L=1.1GFHP FATRNAZS
LKsLK+3& M5 F2TRMN &0
30 0Q 200 Js1.3 FATRNO&L
00 200 I=1.1ME FETRHDGZ
Lal=Lay et F2TANN43
DUM{LJII =0, FRTHNDGS
LKI=LK+] F2TAND&S
2l ng 100 w=1,3 FZTRNDEGE
LKI=LK]+IMS F2ThN04T
1ug DUM{LIT ) =DUMIL JII+DIRIG JIFACLKL] £2THNOLA
200 CONTIHULE F2TRNDGT
3p0 CONTINUE F2TRENED
IMI=3#IGEMP# 45 FPTRNDSY
DN 40c I=140N] F7TRNDSZ
11s1FS+1 E2TRNOS3
SO0 AIT1)=DUMCL) EZTRNO5 4
RETURH E2TRNOSS
END E2TRNOSH
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Table Vil-44. Source program listing of subroutine TRIM (Link 2)

% LABEL
CE2TRY FATRIOND
SUBROUTINE TRIM E2TRIONL
C GENERATES # , N AND L MATRICFS DF THIN TRIANGULAR ELEMFNF FaTRIO0Z
DIMENSION IA(11,8801 01,5010 4NEBI.0D210200,03313,3),E22(3,3) F2TRIDAZ
LaPI26) UV (Z&0 W kIE 1 ¥ (AT, 2B AT YD) AT 16100 E2TAI004
COMMON 1A, 84 FPTRIONS
EQLIIVALENCF I 1A, ART, (D2L.D33) {11101 £2715{0211191,E), (hZL120),GIF2TRIO0NE
EQUIVALENCE CTALTY¢IN)(TACZI, IBNY 2 IT8E2), IThiLTALLY, TP {1ALG), F2TRIONT
LIPAS) e {1A{6)TTYPEY, LTAE7 1y IMAT IS ITALE),IDEG),LTAIG), INXILIAfION,EZTRIDOA
ZIHD  CIACLLIaTRY  (LATTZ ) EMMRY oL 1ATT30, IMAY ), LTATTAY, IMMZ ). (TAILE],E2TRINOS
FIME L)y (TALTET A TARED . [ TALXTI NI I, IALZS) M1, { 140261, ITVI(1A027),ECTRIOIG
L1STRIS(TAI2E L. FELTI, (TAC2S ), ITEHY « ITAI30)ITICY, (181311 TMET, E2TRIOL1
SITALAZ1, [SUMI. (TAT33NLINDL, (1AI34) o IMS), (TAI361,I05T, 114127, FRTRID12
AIOAN) , 11AE381, I0RDL Y { (21390 LACEL 1o C1A(S01, U1, (1815114520, F2TARIGL3
FULAIS21.33)y LIALISE),d6)  LTALSG) 50, ITAISS] v JOY ITAESE).ITI, P1AISTEZIRIDLA
B1 . JBY, (TATSE]ITY E, (IAISO), TRBI, {TACANY IRDD  (TACGL]-T10), (TALAZY,F2TRINLE
GIEA) e LTALE2), 10T {1AIA4), 1DV [TATASIITEI C1ATS] 24 1TAP) EZTRINI &
FOUIVALENMCE (I&(6b) ICARILITALST I EEIX).ITALER1LICIYI, (IALILTY, E2TRIO1T7
NICTZ) 0 EA(TO N ICFIT, (1ACTLY 1K LTACT2) - T¥YI ((EAITAN 122, E2TRIOLR
PUIACTGIR11C ot TACTSY L IUEF) (A 1AIVGIESTIL (1AL, TISY E2TRIDLYG
A, IATTH |, [GEMI, 1 1A(TI3, TERRY, (RACRD)TE) 4 [AACBL) DT}, {A8(RZINGI, E2TRICZO
S{RACBIIgALL T, {AALBG},AL2T, [ARLAS) ALY, LAALES) D2L] L (BATTOT], 91, EZTRIOZL
BUAA(1FLIUVT IAACLESIaX), (AAILE3Y, Y] [ARCTILI 20 (RA(LTIN XD, FRIRIDZZ
GURALLIDAN (YD) 4 TAATI93) 2D 1 ABL351] 451 LAATAD}a2GEM] F2IR1023
T LARLAZ), INP),(AAT&), IPBG)« IARIA4), IPENY, [ A& 1451, CONST, {AATGE], TUEZTRIOZG
B34 (AAL4T]I G1) LARTAE ), G2Y4 1AALAY ], GE) EXTRIN2S
DIMENSION EMI424).ENT4, 61,0014, &] FUl&, &) E2TRIOZE
EDUIVALENCE (RATZOOI.EM).CARTZIO1ENY LAA(ZARYED), (RATZ4R), D) EZTRINZT
EMIL.2)=¥D(2) EZTRIO07A
EMIL,3)¥=¥DIL} EZTRIOZG
EMILsL}=¥Y0{1)=¥01(2} E2TRI030
EM{Z41120. EeTRIO3L
EMIZ212)=0. E2TRID32
EM{2,31=0. E2TRID33
EMI3,L1=XD{23=XD{ 1) E2TRIN3S
EM{3,2)=-%D17) E2THID3S
EM(3,3)=X0{1) FATRIO38
B0 42 J=1.3 ERTRID3T
ENI1.J1=EM{2,4d] E2TRI033
ENTZ ) )=EMI3,0) EzTR1039
FN{S:JI=EMILaJ} FPTRI0GE
42 CONTINIE FATHID&L
nn 430 J=l,3 FRIRIDGZ
EQIY4JF=EMUT 10 F2TRINA
430 EQIE20J]1=EMIZ, ) FRTRIOA
RETLRN F2TRINGS
END F2TRINAG

Table VII-45. Source program listing of subroutine TRM (Link 2)

- LAREL
CE2TRM F2T1RMONO
SUBROUTINE TRM [AsBsCeMaNL) E2TRMOOY
N=N1 E2TRMQCZ
DIMENSION Al2,3) 810,63 ,Cila,4),004,4) F2TRMONG3
IF INI Zatyl FZTRMONA
z ==M EZTRMONG
GD 10 3 E2TRMONG
1 B0 3 I=1,M F2TRMOOT
DD 2 u=l.M F2THMDOR
3 CiledI=2{14J) EZTRMOOG
] D) 4 [=1M E2TAMOLY
DO & J=1.M E2TEMD1L
Dilat)=0, F2TRMNL ?
Do S K=laM F2TRMO1 3
5 DOl =DIl oy d)+0IK T HHALK IY EZ2TRMOL &
Ll CONTINUE EZTRMDI G
00 & I=l4N E2TRMILE
00 & J=1l.N E2TRMOT T
Ciladi=d. F2TRMGLA
naT K=1.M E2TRMOL D
7 ClE.0¥aCllad}+BUT KISR{K, ) E2TRMOZU
& CONTINUE F7IRMN? 1
R_ET(IHN F2iRmMNz22
ENL E2TRMO23
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Table V1I-46. Source program listing of main program of Link 3 (deflection link)

* CHATIN 13,2)
L LEBEL

CELAS] £LAS3NAD
C MAIN PROGRAM FUR DEFLFLTION LIWK EL453001
C CBTAINS THE DEFLFCTYLIN COMPOWKENTS 1N IVERALL CNRRNINATES ELAS 3002
OIMENSTON TAILYAAC1 3,801 NEBY,DZE{2L),033(3,3),F22(3.3) ELASIODE
TePE24) UVIZA) A 18)aYIB]LZEEI XDETI YDITISZ0T) FLAS3D04
COMMON 14,44 FLASAONS
EQUIVALEMCEITA,44), (0210332 (1D21C(101.E22141D71 1191 +E1.3Z1{201.GIELAS3ONS
EQUIVALEMCS (TAILY o IN o (TAL2,IBN) (1A C31alT ) (FALGILIPILITAIS), ELAS3INOT
TIPRS I, (TATLI-LFYPEN vt JALTY «EMATI o CIACAY L INFRY«{TACTI THNXIS{IA{LO),ELASROCA
FIHI EIACTIY, ), (TAIL2)  IMMX ), [ TA(I3) L IMMY ], f1AL14), IMMZ)L(TACLS]ELASIODY
FTMEIY, (TA{1A) W TARE o CTACITYAMIL I ot 8l25) M1 0TALREYLTY) 40 IALZTI FLASEOIO
GISTRY ITA(Z8) [ELT ) (TA(29) ITEMI, (1A(30 . ITIC)« ITA(211ENET ], FLASAOYL
SUEACAZ ) 1SUMY L DIACIIN LMD 4 TACLY  IMR) L (TA{36) IDS) . 1 TAL3T), ELES3012
SIORDY - (TACEHY  TURDI I (IAT3Y) W AGEL Yo ITAISDI,J13, 1T81510,J2), ELASA0L]
TUIATSZ p A )y {1RIS I . (LATSAY IS5 (1A(S5 ), J6), {1ATERY (. IT) (1ALSTELASZDLS
M A LTACBE)  OTY o [ FR{591. BB« LIA{BON TBCI v ITAIS LI 11D, 1 TA{S62) 4ELASINLS
IIFAY. 1TALG3) . IDT)aLEALEH), 10V IIAIASIZITE} ITALAL) ITAP) ELASIO1 S
EQUIVALENCE (1A166 )1 FCARNLIACATI ICIR I (LAIBAYLIGCTY L ITALAR), EL&52017Y
TICTZha ITRETO)ICFL w CPAT AT o IXX Dy CLACT2r o I¥Y ot 1A0TAY 1220 ELAS3DI1E
ZIEAIT&Yy LIC) (TA175), IDEF ). IT&{TE), 15T (1A(TTI. [15) ELASINLG
I CIALTBI A IGEM]) , (TAT79), [ERR), (A& 120} .TF) . (44 1811,0T1.{ARIA2).AG) . ELAS3O7D
LIAREA3 N4 ALLY, (A8 184) ;8021 (AATB5) ALEY + (AALAEI,DPL) 4 LAAILOT WP,  ELAS302]
SUARILIY ) AUVI (AR ILS5 X o {AAL LSS Y et AATTTE] 2 ) (AALITON. KDY, ELAS30P2
GILARLLEL) - YD I LAALLG3 Y 2H o FAATAST )4 51 (AA{ &N}, ZGEM) FLAS30R2]
TrlARt42Y o INF) [TRALAR)  IPAGYH, [AAC44 ) IPFNY, (AA145]-CONS) . 1ARLGL )  TUELAS3ND S
BIyCRATLYY G114 | RAIAB},G2).080049).63) FLAS3025
EQUIVALENCE (TA{349) NTIC) {Ja{342)1 I5PT).11A134T},15DT ). 11A134A) FLAS3D2G
105020 (TAC3CA) 09, (FRII44 U100, I TAIBLY) 0PRSS, LTAT34P),050¥) ELAS302T
Se(FA(GLY  USDIY, I1AI24UY s JARF ]+ ( 1ATT39 ), JMMX ], (1A{33B), JHRY) ELAS23028
3o ({TACI3TI JNNZ) S LIAC22B) UML), I TAIB3S), [TAS), IT&1334),1n2) ELAS3NZY
Gyt TAE333 ), IPR), {AA(332),D0Y 1. [ARL3310,NGZ 1. (AAI33G) PAFS) FLAS3030
Sy 01A1329 ) [PIRY FLAS2D3L
UIMENSTUN RALG9S9,4) ELASAD32
EQUIVALENCE (A&t 9QDO).RB) EL453033
- SOLVE THE EQUILIBRIUM EQUATINNS FOR UNKMUWN DEFLFLCTIONS ELASRQ3G
10 CALL TIEK {1TIm) FLASINIY
Calt YELASIISUM.IERR.IST,IDEF) ELAS3N2G
20 CALL TICKL{ITIMG ELAS3037
TINv=ITIH FlLAS3N3R
TINV=TENV /60, FLASI039
EF (IERR} 302,234,302 FLAS3N40
2345  1F {[NP-1) 2341.,2341,2342 ELAS30a)
7342 IDEF1=TDNEF+] FL&a5 3042
IEND=IDEF+LSUM FLAS3043
HRITE OUTPUT TAPE A+2343,(T,448{1),1=INEF1, IFND) ELASINAS
2343 FOAMAT 11HT+34HREDUCED DEFLECTION VECTOR FOLLOWS.//F(5116,Fla.5, ELASAO4S
16X ELa5304b
COMPLETE THE DEFLECTION VECTUR AND PRINT. ELAS304T
2341 NG 202 M=1,IN ELAS204B
DD 202 Ksleh FLAS3029
202 BB{M.K)I=mD. FLAS3IOSO
FALES Rl ELASAOAL
nn 2031M=1,1IN FLAZ3NS2
JI=JJ+10FG FLAS3I053
A0 203 K=1.10FG ELAS3094
JE LI FLASIOGS
I5Td=lS1ey FLA5305s
180J=180+2 ELASAOST
L=taiIpiidy FLAS3INSE
TIC=11C+J FLAS3R5S
LF (L} 204,205,206 FLASI0GD
2us  IF {L+1l) 2042,20ul,208 ELAS3DAL
2042 L=-{L+10000} ELAS3062
TRBJ=IRB+S ELAS3063
I=1atIBRI) ELAGADAS
TOEFT=I0FF-T ELAS30Q&S
BRI K] =8A{ IDEFL) FLES3OAE
L1=(L-1)/IDEGC+) FLASINGT
La=L-ILLl~L)*IDEG ELAS3INAR
BBOLL L21=BB{L1 EZI+RATTICOIRBRIM,LK) ELASA0RG
GO YO 203 ELASA0T0
2041 IBR.I=18B+) FLAS3OT]
I=Ta{IARJ} FLASINTZ
INEF1=]DEF+] FLAS30T3
BBIM.K)=AA{[DEFI) FL8S3074
B0 30 203 ELAS3DTS
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aa

[

204

2ue
2061

203
2431

2ol
ZuLl

44y
444

&47
&63
L4
w4l

w2

43

a0

G0

jz2a
RG]

I
20561

210
34l
350

asy
Bah

5uus

gzl
142
3uz
auzl

BBIM,K)I=AA(TTCII+BE M. K]

ELASI0T7Y

60 TO 03 ELAS 3017
IF (L-10000) 2051,205,70% FlLAS307E
LL=IRR4+L EL&5307%
LL=I&iLL) ELAS3NAG
INEFL=IDEF+LL ELAS30R]
BB (M.K)=AAT [DEFL JRAALL (Y ELASINAZ
CONT INUE FLAS30R3
CONT IRUE FLASI084
JJ=-1DEG ELAS 3075
N0 ZOLLM=1.IN FlLA%3085
Jd=J JHIDEG ELAS30RT
DD 201 K=l,IDEG FLAS3DRA
INEF[=10EF+JJ+K ELAS30RY
AA{IDEFIJ=BE (MK ELAS3NG0
CONTINUE ELAS 3091
REARRANGE DEFLECTIONS ACCORDING' TO TYPE ELASANG?
ASSUME NDRMAL CASE ELAS3093
[ELT=) FLASINGG
CHECK THE SPECIAL CASES FLAS308S
IF 1IDEG=3) 450,449,650 EL&5399s
IF {IGEM} 450, 44R, 450 ELAS30g7
IF (TH=-2} 450,487,643 FLAS3D9R
DISTINGUISH GRIDWORK CASE ELAS2099
TF (IMMY! 48745842 +443 ELASA100
PLATE AND/OR GRIDWORK CASE RLASIIOL
IELT=2 ELAS3loz
GU D &4l ELAS3102
SHELL OF REVOLUTION OR PLANAR FRAME {ASE ELAS3106
1ELT=3 FLAS310%
0O 40 m=l,IN ELAS310A
GO T "140,82,631, IELT ELAS3107
X{1)=BB(M, 1) ELASI10R
K(Z}1=BBIM, 2} ELAS3109
X{3)=BB(M, 3] FLASILID
BB{M.11=0. ELA531]]
ARIM.2)1=0. FLASI112
BEIMy3)=N11) ELAS313
Bp (M, e)=x12] FLASA1T1G
8B(M,5)=x(3) ELAS311S
GO TO a0 ELASILLE
X{11=8B(M.1] ELAS311T
ABIM,3}=0., FLAS31TS
BB{M.Hl=XI1) FLAS311%
CONTINUE ELas3l20
PUNCH OUT RESULTS IF MECESSARY ELA§3121
CALL PUNC ELAS3122
WRITE DUTPUT TAPE Gp11114 (MelBBIMGK) K=1ah)aM=1yIN] ELAS3123
1111 FORMAT {1H1,39%, 17HNDDAL DEFLECTIONS//SH NONF,SX¢13HDISP. ALDNG X FLASTLI2
154, L3HDISP, ALOMG Y,3X,13HD15P, ALONG Z.0X,13HROTA, &ROUT X, ELAS31ZS
5%, 13HROTA. ABDUT Y.5X.13HRDTAL ABUNT 2//015.6ELE.TH) ELAG3] 28
IF (INP1 310,310,320 ELA5312T
IF C1TA5) 305,305,315 ELAS3124
CALL RESI FLAS3129
IFIITAS) 305,305,206 FLAS3L30
CALL HESH ELA5313]
BF CINK=31 345,365,353 FLAS3132
WRITE OUTPUT TAPE &,3051 ELAS3123
FORMAT [54H N SCRETCH TAPE IS GIVEM OR ERROR LN THE SCRATCH TAPEIELAS3I34
GO F0 245 ELAS3L29
TF LINK=3] 345,365,340 ELAS3L36
IF {1TAS} 345,345,350 FLASIL2T
CaLL RESI ELAS3L3R
IF (17A5) 345,345,355 ELAS3139
CALL ELST ELAS3L4D
CaLL TICK (ITIM) ELAs3LAl
C3T=ITINM FLAS3LE?
CAT=C2T/60. FLA53143
WRITE QUTPUT 1APE &,5956,.L3T,TINV ELAS31 4k
FORMAT 121H DEFLECTION LINK TOOK«F7.2,2%. 8HSECONNS . TEX FTa2} ELASIL45
IF CINN=3) 3471 ,342), 347 FLAS 2146
CALL CHAIN (},ITAPI FLA§314T
CALL CHAIN (%,1TAF) ELAS314B
HRITE QUTPUT YAPE 6,3021,1ERR ELAS314%
FORMAT (42H STIFFNESS MATRIX |5 NOT POSITIVE DEFINITE. IS} ELAS31S0
GO TO 3421 FLAS3TS]
FEND FLAS2132
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Table VII-47. Source program listing of
subroutine ELST (Link 3)

" LABFL
CE3ELT FIELTOOO
SUBROUTINE FLET E3ELTOOL
C WRITES ON TRPE 1TAS ELEMENT SET INFORMATION E3FLTONZ
DIMENSION TACD ) ARLT,5030MIR1 DZ1II2Z1)4032{3,31,E2203,3) EAELTONG
LaPUZa} VI26) ) XERY IR, ZIRILXDTTILYNIT 2000 FIELTONA
COMMDN 54 .48 E3ELTGOG
EQUIVALENCE L 14,887 -(021.033),(ND2LILOYLE221, (0211181 F)+ID2L1201,G1F3FLTO0S
EQUIVALENCE (TACLY, NI, (IA(2F.IBNY, LTAIZ),3TIa0IAIGY,EP)a11ALG), E3ELTOQT
TIPRS) L 1A(S 1 ITYPE I VIAT T L TMAT )2 IAIS) IDFGH, 1 T&(%], INX},[TAITO},FEELTOOR
PIHD b IBL10 0, 180 CLAIL2) o TMMIY e L TACE3 N THMY ), (T8 1L4T, IMMZ ), (FA(I6]4EFFLTOOD
SIMFL) o€ 1a(16)  TARE N, (FALLTIANILI o (1AF25) Mbo LTRI26), ITY) . tTAIZTI,FIELTOIO
GISTRY G [1ALZHYSEELTI L IAL29), ITEM) 4 I1RA120), ITIC) (FR(3L],IMET), E3FLTON]
BOIAIATY, IBUMI L (TA(33} IND) o (TA(BA} L IMS Ty L IACSE) o TDS) s IA(3T) . EAELTALZ
GIORDY S LIAL3RI, IDRDL . ITAIB) 4 B0EL Py EIAESON,JL 1o LTA(BY1.U2], EAELTO13
TILAIE2 ) d3 ) {11530, 6] {TA06a),d50slFA(SS) 4063 a i TATI61 U7 IA{SIEIELTOLG
BYs By L1453, 0T¥), (FAI59), BB (140A0), IBNT L IACALT41IDI (1Al62},FIELTOLS
SEIA)«{TAIS3], IDTI-{ ALA4 ) IDY ). [TR{GS ), ITE 4 TALAL ), iTAP) =3FLTole
FOULVALENCE (1A(56]1ICARTI« LIA{ETIAICTIX A (TRIGRYICIMY TTALBI], E2ELTOLT
TICTZ) o i TACTUI S EEFLL W LIALTL) ¢ LER YW CLACT2) - 1YY { 1A{T2}, 122, E3CLTOLR
ZUTATTA), ITC) wtTALTS) o IDEF) S LERETEIL 18T, 0T 1TT), 1S} FIFLTO19
3,0 1A(TBY, 2GFMY, ITALYS 1 JERR I, (AAIBDTTE) ¢ [AR{BLI,DT), {AA(R2).NG), E3ELTAZD
GUABTE3Y v ALY, [AACHAY AL}, LARTRS ) (ALY 4 LARIHGI, D21 {AALIOT).PI. EIELTOZ]
SOAALLBL} UMD o {RACLIES N XD (AALTAT) WV LAATLTLT 21 o {AALLTS) XD, EIELTOR2
A(RAULIRG) YD) (AAI193) 20} (88(351).5),(AA(40),IGEM) F3ELT023
Tl ABL4Z), INFI2LAATG2 T, IPBCY . LLAI44L) [PEN) (AAT4S)4CONST, (AACLA), TUESRLTOZG
B) TAB{ETHI GLY. 1AALGE G2 . 1ABT49)1.G2) E2ELTOZS
EQUIVALFNGE (IAT34Y) o NTIC )y [IACISBI 50T I {EAT34T I, ESDY . 1181346) EICLTOZS
L1eISDZY (1812451 49, LTA{348], 0100, {FAI383), PRSI 18{342],J50¥)  EZELTORT
2y IAL341) SN, (TA(340), JARE Y I TAT3IT] (JMMITy CIALTIE N2 dNMY ) £3ELTO2E
Bet 1A{33T ), UMMZ 1, (141338 (JMFIN, {TA(335),ITAS}. 11813341, 1020 E3ELTOZY
SefTAI333), PRI, IAAT232).00Y ). (AA(33L),05G2),(84¢330),PAES) E3ELTO30
SetI1A{329),1FIR] E3ELTO31
DIMENSHIN IMNT{Z4) E3ELT0N3E
EQUIVALENCE (OV, IMNT) o { TA1 2001, FONE) E3ELTO33
1EN=F5T+IND E3IELTNYA
1ELM=13 FRELTO3S
TELN=[ELH-1 E3IFLTO36
T5NE=15K+1 E3ELTO3T
TSNN=ISH+INALELH FIrL103R
INCT=0 F3FLT039
TOME=Q E3tL 1040
B0 & I=15M14+i5HR F3ELTO4)
L] TALE)=0 FIELTOER
Da 1 F=1,IT E2RLTOLY
Ail=d1+] E3ELTO4G
IELT=1A(J111/100 F3ELT045
GO TO 1922092912430 293041502¢3.2.3,2-3,16,16]1.1ELT EIELTOLE
g IONE=IDNE+L F2ELTNST
50 TNl E3ELTO4A
2 Kami E3ELTDAT
AN=3 E3ELTOS0
GO TN & E2ELTOST
3 KJ=4 E2ELTO5
KN=4 E3ELTAR]
GU TU & FAFLTDS4
4 xJ=3 EELTOSS
KM=6 £3ELT058
S8 Y0 A E3ELTO57
5 KJ=3 £AFLTOSR
KN=B E3ELTO59
GO TO & EIELTOSO
14 [HETS E3FLTOAL
KN=p E3ELTOS2
] KK= 1+ + RS20 %11 E3ELTOAZ
CO 7 J=1+KM EAELTORE
KKaKK+TT E3ELTO6S
NN= 1A (KRR} FIELTOBG
ISNI=ISN*INN-LIS]FLM+] EFLI0AT
LE=]ALESNT I +) FIELTNAR
IF LIE-TELN]  12,11.1) E3ELT06S
1l HRIVE DUTPUT TAPE A.13.1ELNNN FIELTOTO
13 FOAMAT [10H MORE THAN, [4,2%,311INDN-TINF-DIMENSNL FLMNTS AT NMOOE.IGIF3ELTOTL
INCT=1 EAELTOT2
Go 7O / F3EL10TS
12 ISMN=1SALeIE F3ELTOT4
lag1skiN=1t EARLTO7S
1ACISKRI=] E3ELTNTA
i COMTINUE FIELTNTT
1 LONTIKNUE FIELTUTR
IF [INCI] 19.20.19 FIELIDYR
1% 1T85=0 E3ELTORD
WRITE NUTEUT TAPE 6,151 FIFLTDAL
191  FOKMAT{S3H NUDAL STRESS COMPUTATIGN 1S DELETED DUE TO PRECENING)  FIELTAAZ
60 TO 100 FIrLInas
20 DO 2L 1=141N FAELTORA
ISNI=ESN+{ -1 Y&TELM+ FIELTNAS
TE=1ALISNT ] F2ELTORA
TE{IEY P3,23,24 FIrL Ay
24 DO 22 J=1.1E F3iLLINFR
LSAN=T5HT+ FIELTARSY
22 IMNT(JI=TA(]SMH) F2ELTOR0
WRI1TE IAPE 1745, T4 IE. (INNTId e d=141E} FAELTOYL
G TD 2% F3ELTNGZ
23 WAITE TAPE 11AS.T.1E.IE ELINRS
71 CUNTINUE F3rLines
o 25 I=LeIn E3FLTINGS
?n BACKSPALE |T&S% F3ELTD%4
Toe RETURM £3ELTRRT
END FAFLTNOA
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Table VII-48. Source program listing of
subroutine PUNC (Link 3)

= LABEL
CEZPUNG FargNCOn
SURROUTINE PUNC F3PUNLOL
[ OUMMY SURRRUTINE FAFUNCDZ
RETURN FIPLNCO3
END FARUNG NS

P
Table VII-49. Source progrom listing of
. .
subroutine RESI (Link 3}

+ LAREL
L sES rARESAOD
SUHROUT INE RESL FARESON]
[ COMPUTES ATS INUAL FIKCES AT [HE NNOES FIRESONZ
DIMENSIIN [TATTYoRAL11,ST11,NMIAI,DFLIZ1 1, D3313.4%)4E22 030 F3AFS003
PP iaat M I24 0 KE8] Y ERY LN LX0UT ) ¥ LT /DIT] E3RESONS
COMMON 14,48 FIMESOOL
EQUSVALENCE(FAe B8] IN21, 1331 4P2L{10)1 . FR2). (021419}, F), 1021120} RiFARESN0G
EQUIVALENCE (A1, TN} 18021, JAN) L1ALA),T1T]tTALG),IP1.TTAISE, [ ARFESOD/
VIPREV I IATE ), ITYREL, (IACT A IHATI . TALAY L IUEGH, (TAID], IMRI, LTRLLD) CERFSO0R
ZIFI L UIACLTY TR, (TA(L2T,FMMY ), ETAT13Y o IMMY 1, (TAILAT.IMY2), (TA{15)4F3RFSANY
SIMFI N, UTATLAY TARED A TATLTI NELY N ITAIZE], M1, (141261, 2TV}, (14(77) FIRESALD
GISTRY, (1ACZHY 4 IECTI -0 0ATZ9) 4 ITFRI, CEAL30IS ET1CT ILAT3T] IMETI, EZMESOTL
SETAUAZ) 2 ISUME L TATRTT« INN TS (IAT34] IMS) LTATSA) TSy (IACE ), FIRFSOLZ
GTURD Lo [LAT3H] s TORDLE s DIATA9E ACEL 3o fFATS01 511 (TAIBIT 00y F3RES0L3
TUTAUS21 0330 g (TAIS s CEACSAT 5T i TAI5) 40805 [TAISEN,I7E el LAY IE3RESDIS
B30 LTACSB],JTY, (T&159) TN, (T4 (600, IAOT.(1A{61)41101.{14{62)4F3RESOLS
GEIAY S ITALRS I DT o LIATAA L IDY (181651 ITEX 2 LIAL41), FFA8) F3RESOL6
EQUIVALEMCE (FA(861 . TCANI . (IA(ATILICIXN (TAIBRY ICIVY I TAIGD), E3RFS017
VICHZ N UTACHD Y  IEFT o A IAUPET o JXX D s EIAEYZ b 1Y Ao CIAL P ali 7 ) s EIRESOLR
ZOIACTE o IO e (IACTSY INFF T E TAFTE) 4 ISTI LTAITTIVITS) E3RESPIY
By CTAETA I, TGEM) . ITAL{TR) . TERRI < CAATAN] W TEY . TARLALNLDT ], (AA(AP 14 NG), E3RFSO2D
GUARCE3) ALL ) ( (RA(BE)ALZ N, (AAIAS], L), [ARLAAT,B2L).(£A(10T),F), E3RFSOZT
SIARILIL DUV A (RATLSS) QX o [AAT163 NS Y w tARLITLN Z )y (AAILTG)aRNT E3RES022
APAR(LIEAL ¥, (A (1T 20N, (AAI351D.5) . (AB14D) L ZGEM] E3RESD2D
TolARCEZ L INF Y e CARTGE] o IPRGTL CAATGGT o IPENI CARIGSY s CHNS )y ART4R) o TUEBRFSNZG
HYaIARTGT] G TAREGEY B2 (IAAI4D],G3} FARFS0PY
EQUIVALENCE (TRI349 T ICI AT 3GH] S TROT Iy T TAIRCT )4 ISOY), (18 (3a61 LIRFSOZA
T.180Z1, LIA{345),J9] 4 1A(344) (J100, (1803430, JPRE1,L1A(D0R), DY) E3RESNRT
2el1A{3811 35020 (IA(B%0) . JARFI L [ LAI339) 5 JMMAT, LIAT338 1, aMkY) F3IRFSO2R
3. 01ALA3TIeIMMT, CIAI33R 1, IRFT) L [1ACA35) 1TAS) . [1A{234).IDE) E3RFSDZY
Gy { TATIIZ1IPRI TARIZ32 1 0BT ] TARTIIL ) (DGZ ) 4 (AAT 330 1 PRES) F3RESN30
S EIATA2S) . LPIR]) . E3MES0T
r FIND FLEMFNTAL WNDAL FURCES &NR ASSCMRLF FOR MATATMING RESINOALS  F3RESN3Z
00 60 1=1,IKN FARFS033
ISTI=15T+1 E3RESN3%
U AB{ISTII=0, F3RESN3S
U DD 20 ad=lalT FIRESDA6
[ READ THE QUANTITIES FiIK ELEMERT .LI FARFSNAT
50 READ TAPE ITAS PeiTTTalTTMyNAV, IMS, 1N ENSZa INCI)2t=1a IMSIadSIT),E2RESDIR
YE=1.30S2 1, (P11 CFet=l,105) FIRFS039
[ COMPUTE &ND ASSEMBLE THE NODAL FORCES DF ELEMENT JuJ FIRES040
IF [MaY-2} 91,92,92 F3RFSO&]L
a1 CF:1. FARESDA?
GO 10 93 E3RESN&3
g2 CF=0.5 EIRE5044
T3 IF (M-JJ1 100.9,108 FIRESO4S
4 N0 1=1,10% LECUELTYS
KK=— 1051 FIRESO4T
DO 11 K=1,105 €IRESN4A
KK =KK+ NS FIRFSD4Y
KOEG=(1K=11/1m8}e] F3RRSASD
KNUD=E~[KDEG—1 153 IMS E3RESOE]
KH(ID=N | KNOD ] F3IRESOY?
IOEFK= THEF # IKNOD=1 1% IDEG+ROEG FIREINS
11 P{L)=PII1-S{KKIZaRLIDEFKY E3KE5N54
KOEG=1 =1 17108041 F3RESNSE
KNOUS 1~ (KDFG-1 151HS F3RESOSH
RNUD=K{ KNOM Y FARFSOST
NO={KNOD=1)#1NEG+KDEG E3RFSNSR
ISTI=I5T+N] E4HESN59
Ga{ISTUI=AALISTII-PiII2CF EIRFSOAD
10 CONTINUF E3RFSNA]
IF LITTT-11THY 50,21421 E33FSN62
ZzL IF {NAY-2} 20,50,20 [3UFS063
20 CONTIWUE HARESN64
31 RETURN FIRESDAS
1oy ITas=0 F3UFSDOG
G TO 31 F3RFSOAT
END FiRFSOAR
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Table VII-50. Source program listing of subroutine RESW (Link 3)

® LABFL

CFIHEW F3REWONQ
SURRDUTINE RESW fIREWNDL

C WRITES RESINDHAL FURCFS AT THE NUDES €AAEUON2
DIMENSION TATI)AATL]ySTLINIRLGDZ1T210,N33(3,3),E22(3.3]) FARE W00
TePI24 T UVI24) R UHY YIR), 283, X017),¥NIT ), 2007 FAHERDNS
COMMDN 1A, A8 F3REWNNS

EQUIVALENCE( 14,44}, (D2), 033, 1021(10),E22)+D211131.E),{N21{20),GIFIREHONG
EQUIVALENCE [1A{131,IN)«[1A121,IBN], ¢ TATA I T T AT&],IP)LLIA{R], FIREWOOT
TIPRS) L UTALAY JITYPEY oL IAIT) IMAT o CEAIHYyJOEGH e LALYT, INX ], (I&{L1N] . FAREWNNG
ZIHYS EDAILLY T8I C1ALR2) IMMX)  CTALLSN IMMY | (TAE14), [MM2Z). 1FA115) (FIREWDAT
SIMFL p CLACLA Ly TARLY  DIAELTI NELY ) {14250, M), (2AIZB] ITY  (TAI2T},EIREHNLO

GIBTRIpATAL2H ) IRLTY L 1AC2G), ITEMI, (I TALB0} L ETICH, [TALALY, IMFT), FAREWD11
SUTATA2Y  ISUMY, (SAT33)  INDY v ITATR4) 2 IMS) ( IAL3SN DS o TATITY, E3RFWOLZ
GIORD] o ([2138), IORDL Y, ETRLAGN ACEL Faf1AL90)0J 1), LIALSI)LAR), F3REWO] 3

TUIAIS20pJ3) 4 T8(53) 40 ITAIGCIJ5)  (T1AISS) e dB)s IEALSE) ¢ JT) 4 LIALSTEIREWDLL
B dBI, LIALSB).JTY I 0 TALSTYy LHE D, { 1ATARY, IRD}, [1ALELI.TYD}«{ FALA2 ), F3RFUOLS

FHLAN L TALS3 1, 10T ) (TALEE) L IDY I, E1a0aB), [TRI.IT8taL ) ITAR FIREUOL G
EQUIVALENCE [TATGA}, ICAR), (TA(ATY, ICIR},ELaI6R1ICTYI (EATAS), E3REWAIT
VICTZY ¢ CLATTO N ICFI o LAITLN XN I LACTRZ) VY L CIAUTRILIZZ, E3REMOLE
ZATACTAY, TECH L 18CTS) . IDEF ) (IALTO1, IS8T IIAIZTI 515 F3RFWA1Y

3yl FRITBY L IGFMI (TAITII S TERR] +TAATHON T} {AA{ALI.DTI,{8A182).00), EIREWDPD
SUARIBIN G ALYy TARCRA) S ALZ2Y I AB{AS ), AL 3], TAACBL),DZ1) 4 LAATIOT} P, F3IREWDZL

SEAATIAL) (UMY L LARLSE) X0, (AACTE3) oY 1 tAALITLI 01 [BAILTS ), XD, Fi3REWDZ7
BLAAL1B6],YR), [AB{193) 201 (AB(3SLI 51, {MATGE] 1 JGEM) F3RFWOZ2
TolAB1AZ1 INF ) IAALS3)  EPBG ) {RALGA), TPEN) . (AL145) ,CONS]  (AACKE) 4 IUEIREWNZS
B1IRAI4TY4GI Yy TARLGH) G2, [ AAI4Y9],63) E3RFWOZS

EQUIVALENCE (1AI1349 ), NTICY, (18 ¢34n), ISOTI . (1AI34TIAISNY] 4 1A(356) £3RENOZE
LalSOZY.(TAF345)1,49) . (1AT364),J10)401AL343) 4 JPRE], [TA{342],0507) FIREWN2T

ZolTAI34L QU502 {1AL340 )  JAREY I TAC3IS)  JMMX ), LER133A) . JMmy ) EIRFWNZA
3 lI2033TE.JMPT NI TAIS34] 4 ML} ETAT335) FTAS) L {14{334],1D7) E3RFHOZ2S
G BIALSAZL IFRIVAATIIZ}LAGY ), {AA(IAL1.D6Z) 4 1ARI330) PRES) E3REWDI0
S {TALS29), IFIR) FARF W21
IELT=I1ELT RAREWO3R
WHITE DUTPIIT TAPE &,74 E3REW033

(5] FORMAT (1H1,40X, 26HFOACES ACTING AT THE NODES//5H WODE.5X.13HFORCEEIREW0E
I ALDKG X,5%,13HFORCE ALONG Y45K4 L2HFORGE ALONGR Z,4X, LLHMOPENT SROUFIHEWRIS

2T X+4XeL4HMOMENT ABDMIT Y, 4%, LAaHPOFENT AROUT 7700 FIAFWN3e

DO 71 I=l,6 FARFHNAT

7L PlIM=OL E3RFKO3A
pIETS I=1,In FAREWNID
ND={I-1)%IDEG FIHEWO 4N

TETI =143 T+Nn FARF W41

0D Tz 4=1,INEG FIREwW0aZ

(] FARF W4T
TSTU=15TI+y F3RFHNGLE

GO TO 1722430 1ELT FARFWNAS

2 L=d+2 FAHEWN L
GO Tu 72 F3REWNaT

3 IF (4=3) 72.4.72 FIRFUN4R
4 L=J+3 F3REW049
T2 PILI=RAIISTY] E3HFHNSH
WRITE OUTPUT TARE £,76,1.(P1J).d=1,6] E3REWDSL

k) FORMAT (115,hF18,7) E3RFWNa?
7o LONTINUE E3REWNSY
RETURN FIRFROS4

END E3REWNSS

Table VII-51. Source program listing of subreutine TICK (Link 3)

= Fae TICKDOn
LOUNT 25 Ticxnol
LBL TICK 11CKON2
ENTAY TICK TILkND3
TICK NZT ONCE TICKND4
TRA FIRST TICKNOS
CAlL 5 TICKDDS
SuUR INITL TICKOND?
LS ta TICKNDA
SLu+ Lles TICKOGS
TR ik TICKOLN
FIRST STL NNCE TICxDI]
CAL 5 FILKOT2
SLH INTITL 11CR0OT13
ETiw 1.5 TICENY1 4
TRA 2ess TICKOL1%
NNCE FIE TILKOL6
IN1TL  PZE TICKOL?
ENB 1ILk01A
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Table VII-52. Source program listing of subroutine VELAS (Link 3)

* tABEL [F (KB=1} L162413,13 F3IVELOGL
CEIVEL FIVFLONG 1162 DD 131 K=%B.[E1 FIVELNAZ
SUBROUTINE VELAS (MM,IERR.IST.LDEF) E3vELamM TUR=TU+E EaWELDAY

< SOLVES THE GOVERNING EQUATIONS BY VARIABLE BAND-HINTH CHALESKI MTDE3VELODZ KD=TALIUK] #1587 EAVFLOAG
BIKENSION ALLT,1A01) FAVELOAA IK=KD+1-¥ EZVELNAS
LUMMON 4 EIVELONG JE=KD+I—K E3VELOAG
EQUIVALENCE (a,1A} EIVELONS 131 AFTJY 28{IJI-ATIKDIEATIR]Y E3VELDAT
E3YELADG IF tJ=I1 100.412.13 FAVELOAGR

E3vELODT 12 IF (A(LJJ-E1 106,100,122 E3VFLO&T

EavELODA 122 A11DI=SURTF {(AIFDY) FAVELOTD

IF INNI L81.+101,1000 EIVELOUY GO TA 112 F3VELNTL

101 IERR=-1 FAvFELeIn 135 A1TI=ARldI/ALID) FAVFLOT2
GO TR 106 EIVFLOTL 112 CONTINUE FAVELNTA

10uG N=NN E3vFLOLZ 11 COMTINIE FIVFLO74
RL=N+L FIVELOL3 1M=10 EIVELDYS

FIND THE SMALLEST DIAGNNAL ELEMERT. E2YELOL4 C U OIS MUW AVATLABLE CMOMPLFTELY. F3VELOTA

1UU1 E=ARSFIATIST+1)) E3VELDLS c SOLUTIUN 15 REQUESTED, START FURWARD SWFER, FIRST Ri1} EIVELOTT
D0 77 I=1,N FIVELOLA 1009 ACIPEF+1 1A IDEF+L1/AL1ST+1) E3VELOTR
TUT=U+T ESVELOLT C THEN THE REST OF H. CAVFLOTY
ID=[4¢TUTI+IST EIVELOTA 0O 21 1=2.N E3VELAAD

T6 IF (ARSF(ALTDI}=F} T7L.T7.77 EIVELD1S L=IGEF+] E3YFLDAL
Tl E=#BSF{A01R}} EIVELD?O TN E3VELNR2
Ti CONTINUE EAVELDZL T0=[AL AL I+IST FIVFLOAZ
[ SET ALLOWABLE MINIMUM NN DIAGOMAL ELFMENTS. E3IVELO22 TE1=L-1 F3vFLN&S
E=Ea2 F3VELO23 JdzMaxe] F3VELUAS

C ARTATM Q1,11 FAVELD24 KR=l=-1atJJ) E3VFLOAA
1F (ALIST+I1 =F1 100,100,110 EIVELO?S IF (kB-1) 3521,21.21 E3VELAAT

1o TF (N=T) 1072.1074.1072 F3VELD26 3421 DO 27 K=KB.IEL FAVELDRE
1014 &1T0EF+LI=ATIDEF+117A{151+1 TIVFLORZT TUK=1U+Kk E3VELNAY
GO 7O LOG F3AVELNZB Kn=IACIUK)+IET E3ANFLOS9D

Loi2 A(IST+LI=5ARTFIACISTHI) Y FIVFLO29 KD+T—K FIVELO9L
4 [RYAIN THE REST OF FIRST RiW DF 1L EIVELN3O DEF+R FavELDY?
IuI=1157 FavFLO3L 22 ALLI-ATIRIEALIKY FIYFILNg3
IW=l1atTHIY-1 FAVELO32 21 ALLI=AILYIFALIO) E3VELOR4

IF 1IW=1) 1317,1312,1313 E3VELO33 4 FORWARD SWFEP §§ COMPLETEN, START RACKWARD SHEEP. B{Nl FIRST. E3VELDSS

1313 vl 1311 J=2,1% FAVELO34 L=IDEF+K FIVELD9s
Ti=151+2 EAVELOZ3 ALLY=A(LIFAIIM) E3VELOST

1311 ALY =A(RJP/RUIST+EI FAVFLO2A [ THEN THE REST OF R IN BACKWARD DIRECTION. E3YELN9K
OBTAIM THE OTHER ROWS OF I} SEOUENTIALLY. FIVELNAT DO 31 L=2.M EIVELDGY

1312 iul=IU+R1 FAVELO3E I=N1~L E3VEL1NG
MAX=TAlTUL}+15T E3VELOIS E3VFLLM

Bl 701 J=l.N EIVELNGD FIVFLINZ
JI=HRXE FAVELO4Y EAVFLIDA

Tol  latdhi=0 FAVELN&2 Tui=lu+l EAVELLO4
0o 11 P=2.N E3VELNAD ID=t1aciul} F3VELING

C PKEPARE FOR THE | IH KDW, FIVFLOGY IDE={afIUI+1) FIVFLLNG
Tui=1u+1 FAVELOAS JHX=IDE-IN F3VFLIDY
In=1ACIul} E3VELO4S 1o=10+15T FIVEL1DA
IDE=TACINI+1) FAVELO®T 10y=1D-1 FAVELIDG
JMX=IDE-ID+1-1 F3IVELD4A IF (JMA=1] 31.31,371 E3VELYIO
10=10+IST F2¥FLN&Y 321 00 32 K=g.4M% FAVELIILL
11=10-1 EIVELDSN H=JL+K FayFL112

PE 11w=1) 15416416 FIVELOSL TK=EOT K EIVELIL3

16 00 702 J=1.Id EAVELNS2 32 S{J)sald)-ACMILITR] E3VELLL S
JJ=mAed F3VELDS3 31 AlJrsAtJizanInd E3VELILE

T2 RALJIISIRLIS)+L FIVELNSS [4 THE SOLUTION 15 RHTAINED SUCCESSFULLY 0N B. ESVEL116
19 TH=JMx E3VELOSS 102 IERR=0 EAVELLLT
1EL=T-1 F3VELGSE c NDW GO HOME. EAVFLILA

nU LE2 J=ledMX E3VELAGRT G0 T 106 E3VELL1Y
1J=1F+J FAVELOSA LoD IERR=1.-157 E3VEL1ZD
SJ=maX+d E3VELNSY 10t RETURN E3VELLZ1
KB=1-141JJ) FAVELDAD EMD FRVFLYIPZ
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Table Vil-53. Source program listing of main program of Link 4 (stress link)

= CHATN (442 3yy  WRITE DMITRPUT TAPE 4,39%1, 10N ELASAN9G
L] LAREL Y9l FORMAT (1S413X443HND MON-ONE—DIMENSIONAL ELEMENT 4T THIS NDOF) FLASGOGT
CELASE ELAS4000 GO O 400 FLASANTR
r M N PROGRAM FOR STAESS LINK ELASLONY [ THERE [S AT LEAST OME NUN-ANE-DIMENSIONAL ELEMENT. FLA5GNSS
[ URTAINS STRFSSES AT MESH PUINTS ELAS4002 [4 PHEPARE NELID,Jl«MACITodsK) FARLES AND COMPUTE IMEL. IGLAS ELASS10D
CEIMENSTON IA1L1.AATL] W SELNCNGAL,O2L7211.,033103,3),F22(3,3) ELASAONS 42l CALL GENE FLAS&INL
ToePIZ6l UVI20) XIB)SYIB), 2{8), XD1T . YOLT I 20076l ELAS4O04 [ SET INDICATURS 10 NON-BOUMUARY NUDE ELARSGOF
COMMON I, a8 ELASAQN5 INBON=0 FLAS4103
EQUIVALENMCE 14,88} {021, 032) (021 (101, E221,f0211191,F ), (N21120),6)FLASA006 AST=7H 4 ELASLI0%
FQUIVALENCE (TA(LI QNI tIAL2YIBNE AT ) o 1T a I TA(4), TP {1ATS) . FLAS4DNT C SFE IF THE NODE 135 OH BHUNDARY ELAS&INS
TIPRS IS (TALS), ITYPE) g ITATTI o IMATY ot EACB] o INEG], ( [A{9) INXY o ( [A{101-FLASGOOR < IF SN MAKE IMRODM=1, ASTrlH4 AND CUMPUTF RIR{1) AKD ARF ELASLINS
ZIHN CTACLIT S T8y CIACTR o TMHX) o LTALLRY  TMMY |y (T4 134), IMMZY - ETALLS) ,FLASL00S CALL BOFI FLAESSLAT
EIMFIYS LIRILA) S TARE L FT& LTI NiLY b f1AT25).M)  LTALZBI ITY ), (TAL2T),ELASGRIO C COMPUTE STRESSES FOR EACH  MATERIAL GROUP ELA541N8
AISTRYGOTALZBI TELTY, (14029), ITEM) L LTAI301. ITICI, {IA(31)41METY, FLE34011 DO 599 IMai, [MEL ELAS4] 09
SU1A13Z0150M)  L14{323), IND) . ITAI24] ¢ 1MS ), (1R13A1.INSH, L TA(RT), FLAS&DT2 IM=1IM FLAS4110
GIORD} . (T4 ) FORDLY«F IALIY I ACEL 1. LFA(S0}.d1 ), 0 TA{RL]02), FLAS&M 3 IMET=MAL (1M 1.2} FLAS&LTT
TOIA5212d3 - 1181531, 083 o EIATSE1, U5}, ITALSS)  Jabo LIA(GEY 4 JT ) LIAISTELASED]S FMET=NEL{IMET,3} FLAS4ITZ
2281 LIAISAYUTY ] [TAISIL IRAY . (T4LA0]IROY.(TA{6Y)« 11D i 1ALA2] ELASADLG ¢ COMPUTE STRESSES FOR EACH CLASS EILAS4113
SEIA) (EA(53), IDT) e {1AL64) INY) L1165}, 1TE), (2A(41}-ITAM FLASADLS TICLA=ICLASTIM) FLAS4|LE
EQUIVALENCE (1ALAAIICARYJITAIET) ICIN] (1 1AtAR).LCIY 1501691, ELASADLT 0D 530 IC=l,ILLA ELAS4YTH
LICI2) o (QACTON TCFT N, i JACTLY XX ol LALT2)W YY) W IEAI73)(T22), FLAS4OLE 1c=1c FLASa11A
AUTACTAY TIC o tTAITE v IUEF A {TAI TGl IST], (1A(TT), 115} FLAS&O1D L FIND THE CLASS TYPE FLA54117
4 iT8078) (IGEMY L LTALTO )y IERRN g CAATRUY  TE N LARCRTIYLNT) . (ARCE2) «NGY s ELASANPN ICASTHAC L IM, IC.2) ELASa]1A
41AATRIY L ALL ]  [AALAG) (ALZ)y (AATHS) yALI NV (ALIBAD D21, (EALI0TH P),  ELASENZT ICAS=NELL [£AS,4) ELBSallY
SLABTLBL YUV Iy (AALLISS ], X0, (AAI1A3) Yo LAAILTL) 92 )2 (AAL1 79 XD}, FLAS4n22 [ INITIAL [ZF TCON, ANGLF . BAS.DIN, [RNT(AST, IERRL TE-DT,DGJNES AND B FLAS4120
SIARILBAEL YD) (AAL193), 20, (ARI351145), 1AAL40),7RFN) ELAS&N23 CALL  INLZ ELaSal?]
TalAAM&GZ) NPT {ARLA2).IPBE} IARTSG] . EPTNT  (AALES N CONS) S (BR (461, [HEL 854074 c SEE IF THE GADUP IS OF SHELL TYPE ELASA122
Bl {2A04TY,G1I-1AA1GE1,67), 1AB8L49),63) ELASANDE JF (1CAS=5]1 &.7,7 ELARG] 23
FOUIVALENCE [IA1349) NTILY, [1A{3AR], ISDT),(1A1347),ISDY . [ IALGRAY FLASAOZS 4 YIS, 17 1S OF SHELL TYPr, HE-DFTEAMINE LNCAL AXFS (NIN) ELASAL 24
LalSBZY (LA 1365 1,091, CIAfA4G}, JI0) (TA(363),JPRE}.ILALILIY,US0Y)  ELaSen2T T IRBT=1 FLAS4]2E
22 ILAI241) 0 JSDZ), (TAI240) . JARE) e [IACIIVE MK ) o F [ALA3R], JMMY ] FLASGOZH B5T=2H%« FLAS4] 26
e 1 18I33T)  MMT Y, {TA(336) 0 JMFI ), ILAI3E9), ETAS ), 1141336, |02 ELAS4DRY CALL DINA FLASAI2T
Gy (1AL3ITYL PRI, {A80322) 06T ). [AAL33114NG2 ), (AAL330) ,FRES) ELASGO3N [ IS LUCAL AXES IRINL TO BE RUTATED ELASA] 28
S5.018(229},1RIR) FLAS403] b IF (INBON) T1.70.72 FLARGIZS
DIMENSION BIRIII,SIR(3),DIM(3,3),5R1A1.XNI3)eXEPT)4ONTAILAFTG],  FLASGO3? C IF NECESSARY RUTATE UIN 50 THAT KS§ 15 IN ZTA~HKIR BLANE ELASEI 3D
TRESUG] (RED{6YBASIS 1, 1LLAS (&) (NRANTLO]  RU(2) (NES(3] FLa%an33 71 CALL MDIN FLASA13]
EQUIVALENCE (RACZO0), [OME ), [441201) 1N (AMTZOR] 4 LM] {ABI203), ASTELASNT4 [ GENERATE MATERIAL MATRIX DD IN LUCAL S¥STEM (DN ELASE132
134 LAA1204) 4 INRDN ], (B340 2G5 ) o ARE )N, IAATZDED S ICLAY, 1ABE20T] . iMFL], FLASA035 70 CALL MFT4 FLAS%133
ZIAALZOHY f IMD, FARL209), 1) - AAT2101, [LOM] (RACRLLY ANGLF) « LARLP L2}, FLASHNIL [ CLEAR THE A ARFA ON WHICH &BEQ AND SETA WELL OPERATE FLASG] 34
SICAS), (A&1Z13 1, TF)«{AALZ14)  HlY 4 |ARI215) . HAD FLASGD3T 00 72 1=1,30 FLASA}A5
4 (BA(216), IROTI.LAA(ZITI4B5T) ELAS4N3IE 00 72 Ja=1,7 ELASE) A
FOUIVALENCE (RALZZG) HIR1IL1AAI223),5IR),IRACZ2H)DIN)S1AAI235),5RIELASENET T2 Aatl.)=0, FLASAL3T
1ol 8A{Z4L) XN CARLPAG]  XF ). LABL24T1,0N) 2 IAALZST) 4 0F ), [AR( 259} ,RFS IFLAS4D4D 4 CHECK IF THE MOBE 15 NN RONWDaRY ELASG| 3R
2y (ARIZ65 ) REN), (ARI2TL}.RAS).[ARL2T4) INLAS), LARIZTR) . NRAN] ELAS&N4L IF (ENBONW) 521,520,521 FLAS4] 30
B (AATZU21 4NN (AAL 295 ). NES) FLARA4NLZ 3 YES IT 15 ON BOUMDARY. GENFRATE FBS FOR STRESS B.C. FLass«lao
OTMENSIDN MELT2O,1T)2MAL 14,4520 4 IWGISO] DDA b} (4190, F)aB 18,81, FL&ESADSY 521 CALL &RER FLAS&] w1
LEIB4 20, FAE1) . NSETLLOOIMSE] (100,413, 3} FLASans 4 GEMFRATE STRAIN FUS FUM NIDAL LTMES OF ELEMENTS N¥ CLAS 10 ELASG142
EULIVALENCE [ARILAQOCT FF )y (NUTL3 P T W2}, dMi b (MUL3) 50510 FLASA045 520 LESMACIIM,LC1)+1 FLASG] &3
EQUIVALENCE (FFLL}LNEL], fFF {3411 MALY 2 IEFIAA1 )+ IWGEH (FFITRLILOD) . ELAS&DGE DD 57% IL=Z.IF EL&S4Y44
LUFEITET) o832 IFFILAT1T) 8], (FF{L4AL 1,01 (FF(149T}uNSET), (FFI{1597), PFLAS&0AT IF 1IMP-2) 5201,5202,5202 FLASG]1 45
2MZETY tFFi169T},H) FLAS404A F2u2 WRITE (UTPUT TAPE b, 5203,85T.MES{1}.HES(?} FLaS4tas
FUUTVALENCE (MES(LI.[LULI,INESEZ),IRIG), (NES(31, 1NN} fLAS 4049 5203 FORMAT (15K,82.3%.41HSERAIN EQUATIANS ALONG NOOAL LINES FDLLOW, |4,ELAS414T
[4 START THE CLOCK ELAS4O5D A K .11 FLARG1 &8
CALL TICK{ITEM) FLAS4D5] 5201 CONTINUE FLAGGT &5
INPT=INF ELASEO5Z IL=1L FLA54150
[ SCRATCH TAPE IT8S MECESSARY. LEF TF IT 15 GIVEM ELASA063 TELT=MACEIM.IC . IL) FLASLLAGY
IF 111A5] 1000,1000,1 ELAS 094 CALL SETA FLAS&lS2
LUDD WHITE (UTPOT TARE &,1001 ELA%&NSS 519 CONTINUE ELAS4152
1001 FORMAT (46H NO SCRAICH TARE, STRFSS LINMK IS NOT EXECHTED,) ELAS4058 c ERINT OUT BIN MATRIN AND DEFLNS. IN LOCAL |F NELESSARY ELASHLS4
GO TO 1002 FLASAO5T IF (IKATY) BL,AD,AL FL#SAL55
C SEE IF THERE 15 ANY NOM=ONE=RIMENSIGMAL ELEMENT EL&54053 al WRITE DUTPUT TAPE & 83, IEN. LIDTHIF49)0 120,30 0dml s3] (ICMRST, IXE[).ELASGLER
1 1F IFT-10MEY 2000,2000.7 ELASGN5Y 11=4,9) FLASALST
C NGR-DNE-DIMENSIDNAL SLEMENTS EX151. PRINT THE TABLE FFADING FLAS4040 B3 FORMAT {[5,10H DR.COSING,SX r3HKS T 2R 3F M 45X BHETA, 2% 3F7.4, 5 ¥FLASG] SR
2 WRiTE DUTPUT TAPE 6,3 ELASGR&L 1:3HZTA,PXo3FT.6/15,10H DEFLECING (424 1%, 4E15.5) FLAS4]SG
3 FURMAT ILH] 15X, 8THATRFASES AT THE NOBES UF [wWil- DR THREF=OMENS JOF L AS40A2 [ EQUATIDNS ARE BVATLABLE. SULYE WITH LEAST SOUARFS FLAS&140
IMAL CONTINUUM BY BFST FIT STRAIN TENSORS/RX, 1D4HALL SUSNTITLES ARFFLAS4OAT BU  CALL LEST FLaSals)
2 IN GVERALL SVYSTEM, IWLESS v APPEARS INRICATIMEG faTA IN KSI. FTA FLAS40&4 « SEF IF EMOUGH INDEPENIFNT EQUATIONS FXIST FLASG1A?
3AND ITA 1LOCAL SYRTEM/G5K,2BHD IMDICATES NONE NN BOUNDARY ELASLORS IF (IERH1 522,523,522 FLASALAD
4 £4510 NDDR 42X e 3HMAT SH CLAS, 7Y, LIHFIRET CMMP, 4%, LIHSECELASAOGA 522 WHITE QUTPUT TAPE £,5221. ICN.AST, IMET, [CAS SLASLLA4
SOND CUMP o 4X o 1IHTHIRD  COMP 44X 1THFOURTH COMPeoX, 1THRIFTH  COMP.AX,ELASANAT 5221 FORMAT (15,41.16.15,3Ky64HNOT ENOUGH INDEPENDENT INFORMATION Bva lLELAS4] 6%
B61THSIXTH  COMP/ /) FLASA4N6A 1ABLE} ELAS4IBG
TF {14000-15T~INDY 27,22,21 FLAS4NAG9 GU TA 580 FLASGL BT
22 WRITE DUTPUT TAPE 6,231 FLASSOTD € COMPUTE STRESSES FLAS&TAB
22l FORMAL IATH SCRATCH AREA FF OVERLAPS WITH HESIMIAL ARFA, PUSH EF EELAS4071 523 CALL STHS FLASALT &Y
TURTHER DOWN BY RECOMPILING LINK&) ELASGRTZ £ FRINT OUY STRESSES EL&S4170
GN 7O 1002 ELAS4072 HRITE DUTPUT TAPE 65231, LN AST IMET. JCAS.BETLISALTY, 1=1,6) ELASALTL
C START STRESS COMPUTATION AT MUDES ELAS40T4 SE31 FORMAT (I5,81,14.15.4241%,6E1%.5]) ELASA172
21 DO 400 [CNel.IN FLARANTY 4 PRINT STRFSSES IW THE DVERALL S¥STFM IF WFCESSARY ELARGI73
ICN=1CN £LAS4NT6 CALL SAME FLESAITA
INP=TNPT FLASADTT T1F LINP-2)1 5R0,5232,5232 FLASZ1TS
CALL CAS4 FLAS4DTS 9232 WRITE DUTPUT TAPE &,5233 ELASALTS
< INITIALIZE 44 AND FF ARE&S FLASHNTY 5233 FDRMLT (LH ,//} FLASL1TT
ou 10 1=202.300 FL&S4NAN SHO COMTiNUE ELAS41T8
10 AdiE)=0, ELASanRL 549 CONT1NUE FLE54179
DO 70 I=1,1704 FLAS&NAZ 400 COMTINGE FLASa 18D
20 FRIIN=O. FLASGNRY IF (10NE}  1002.10062.2000 FLES41R
C GENERATE THE COMIRDINATES AND THE DEFLECTIONS DF NAPE ICH ELAS&MRS C READ THE CLACK AND PRIMT THF ELAPSED 11MF FLARG]RZ
CALL ETMREL{ICH, XN} ELAS4ORE 1007 CALL TLCK [ITIM} FLASA]R3
Call FINDOUICN,ON) FLAS40AG CIT=I11m FLAS41 84
[ READ IN THE FLEMENT SE1 ELAS&OAT CLT=C1T¢60. ELASALRL
READ TAPE TTAS,K LM, INEL(.I4]1 1,021, LM) ELAS4ORB HRITE DUTPLUT TAPE &,99R,C1T ELa5L1RY
LE (ICN-X) 1003,4. 1003 FLA54nAY 948 FDRMAT (1X,16HSTRESS LINK TNOK.F7.7,10H SFEDMAS,} FLASA1AT
Lob2 WRITE NUTPUT TARF 6,1004,1CN,K ELARANSD 3 GO TN THE FIAST LInK FLes41na
Loué FURMAT {ROH ERHUR IN REANING ELEMENT SETS FRAM TAPE 1TAS. STRFSS LFLAR4DYL CALL CHAIM {1,1TApP) FLARGLAG
LINK EXECUTION 1S DELETEN. 2187 FLAS&AS2 2000 CALL DIMIIK) Frasa1o0
G0 TO 1002 FLAS4093 IF CIERR) 1003.1007.1D03 FLASG1Y
SEE IF ANY NON-DNE-DIMENSITNNAL FLFMENT AT THF CURRENT NADF FLAS&RS4 FND FLANG LS

IE tLmy a9q 300,000 ELASANDS
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Table VII-54. Source program listing of subroutine ABEQ (Link 4)

% LARFL

CEUpRD FaAROAOND
SURROUTINE ABFQ F4ARO0ON]

4 GEMERATES EOQUATIANS FOR STRFSS ACUNDARY CONDNITIONS AT A NORE F&ABDOOZ
DIMEMSION TA{LI, 8A (LI, S¢11 NIH) 21 LAL1,03303,3)0,E22(3.3) FAARDNA S
1.PIZ2a 1, UV i2ataX (R ¥ IR L UM L XDITE, YNE7 1 00T GHIL) Ecanonos
COMMON 1A+ AR Fearnng b
EOUIVALENCE{ LA AR]+(D2L.D33] (0201101, E2P1e (DPTILRNEL - IDZ1EZ0),GIFAaRA0NE
FOUTYALENGE [3ACI I IMI 18021, IBM . (14130, 1F), ¢ 1AT2), IP}a(IAI5), FuaRnon?
LIPRS b, (FREAY ITYRPF) (180T pIMAT W {TAIAYS INEG) . (TA1G)  INKILITATLO] (F&ARDODE
ZTHI CIATLY ] IB {08012 ) , THAXE, CTAUTR) W IMRY ) g t1ALL&] TMMTY, 1AL 5) . FEAR00ONT
AEMFT ), (TAILAT TAREY, ITALITINTTY N, (LAI25 oMl {TAL2A) ITY Y ITAL2T]FAARDOTG
GISTRI L CLALZR N, IFLT o (TAL29 ) TTEM), ETACNILFTICT, L 1AT3L)1RFT), Faspneil
BLIAL32)5 ISIM]  { IAT33) ¢ N (BRG], IMS )y LFATIAILINS ) 1 1A {ZT), FarrQoy2?
ST0ANM (A I3B 1 LORDL Y (TA1039)  BCEL D {TA{SO, 010, C1AESLT. 21, Fearapla
TILALSZY 30, 1TALS3 ) dal DI85, 000 {1AISE) 6, (TAfSH) . UT) 4 ITATSIESRNOOLS
HIaJBY  CIA(5R), JTY ) [TA{59 ), IRRT EIACAU I IROL {1ATELY.TTRI,I141IA2],E4A00010
SIVA) (TRI&3), 10T, [TA{ALY DY o [IALAS1 JITEILLTALGLY, TTARY FarHONLS
EDUIVALENCE (1A 1RSI TCARY ETAIATI ILIXI 18 I&B), IETY]{1Alav), FLARODLY
TICT2 4 LIATTM L ICEEL, CTACTLY IXXK ), 0 1A0¥2) o 1YY 1oL 1ALT3Y 1220, E4LARONT B
PUTALTGN, 1ICT ITATTSI0FF ), (I&ITal, ISTH, ITAITTY 1LS) F4tRON1S
FoCTACTRE  FGER) , LERI/D1 EFRAT (B8 1A0) T [AAIAL), DT} LAALARILNG), EARNOZ0
LUARIAZT,ALL) (RA(RS],AL2), IAALHS 1, ALY, (AA{AK), D21}, (A&LIDT),P)y  FaRrKOOZL
GLERIL3L1,UN] . (AA(LIGE) %) LARTLOSY Y1 tAM(IZL]. 7 ) tAR(1TIIADY, FLAROD?Z
ELAAILEBAT YU (RA(193),20F, 18803511, 5). [AN{A01/GFM) F44R007 3
TelAATaZ]  EMPYLAREA2) TPRAT, (AATA4 1L TPEN I (RAIGS].CONSE, (AR{aR), THEAARON L

BY e TAALATIaGT Iy tARCLE) G2) 18RTAYS) 3] FaLbpOOZS
FOUINALENCE (iA1369),MTICTLL1A{3SR] . ISNTI, ITAI3STY ISNY I (IA(345) E4ARDOZE
1018021, (TALIAS 1, 9] (TAING ) L0 L IAT363 ), JPRSY, TTAIBSGP 10507 FapRQORT

2ol TA1361),JS02 1, TALAG0Y, JARET [TAI239) « tMHX T4 [LA{33R), IMMYY ELARODZR

Bl LACIZTIadMMZ 1 (TATB26) . JMFE], (IALITS1 L TASY. (1A1334),102] F4hRON7 S

Gy CIA3II) L IPR I, (BAL332).D6Y) (2AL33L), D671+ LAN 13201, PRFS] E4ARON30

5 {1A1329}. IPIR) F4ARONTL
DIMENS DN A1) STHLZ)ADINIZ, 31, SRIS1AMIBINFITI OGNS OFI&),  FAARON3ZY

LAES (61 HED{A]BAS{I ), ICLASI4] NBANIIQ).NU{2)NESI3) E4AHQD23
EOUIYALENCE (AAT200), TNNE}, LARIZ0Y) SECNE IAR(Z02) ,LM), (AAI2AR] (ASTEGANNGSG

Ty LABLRUL] , INBON by (ARE205) ARE}, LARIZ06) 4 IELA) 1AAT20TH, IMFLE, F4ARD075
ZOAMI 20T, 1M LAAL209)  IC) . (442100, TCON)IAALZLL} (ANGLE) - {AIR12) - FGARON3E
FILAS I LAALZL3 . T, tAAT21a} NRILIARIZTI S 4ME} FaaROn17

Ly TAMI21E), IROT L, [ARC2LTY,BET) FoaRON3D
FOUTVALEMCE [AAI220),BIR), (241223),5IA), (AR{2261,DIMY. (8A(235),SRIF4ARDOTY

Lo lARIZ41 Y, XNy (ARI248Y  XF) , (A81247)0ON) 4 TAATZS3) 40F )5 [AA(259) (RFS)FAAAONED
2 lAR{ZE5 ) RED) y(AATRTIISBAST, (AAIZTS), [CLAS), (AA(2TAYNRAN] FuABO04l,

3. 0ARI292),NO) L [AALZDS] 4 NES] Fanntnaz
DIMENSION MELL20, 1714 MAC14ed, 701, JHGIO0).DDL64A1, 4190, T BIR,R) . Fo4ARN0&S
1C(B2)4FFIL I NSETE100)MSET{I00} M3, 3] FAARODGS
EQGUIVALENCE [ABLI400C) FF I, (MUELY 3 P11y INUCAY LT ENUT3Y .50 FLanan4s
EGUIVALENCE IFFELE.MEL1,(FF(341) MAC) , [FF{&EE]inGY, (FF(751) .01, F46ROD44
COFFITATI AN TEFLI4ITY B TFFI2SRL1, 0 (FF(149T] NSETI,(FF{1397), EoARn0&T
PHMSET) . [FF1697).W ) E&nB0{4E
FOUIVALENCE (NESUL)4ICOLYS INESIZ) IRIGY . INESI3] DR Fankosy
DIMENSIIN RFK13,21.KEK(3,2) FARRD0SD
EQUIVALENCE (X{17+REK DI L1} NEK) F44RDOSL
LcoL=JIcoL F4ARAOSE
TRIG=IRIG E4ARGNG2

< GENERATE THE RESINUE VECTOR ELa RN D4
[5TI=151+{1CN-1}¥INFG FaARUOSS

9 §=1.1DEG F4&RR056
ISTI=ISTI+1 EABRNOST

5 HESITI=AALISTT? FLaRONGRA
4 INITIALIZE Faapa0 sy
1EQ=2 FatRONEN
MIT}=1 FuARONAL
NiZi=3 FLaRDGE2
N13)=5 FLARDOAY
IREB=1 E4ANDOSG
IREN=2 F&ARONAS

c TE#+3/12, E4ARDOL S

Ci RE/DUIL-1} FenRANAT
CL=CR2ARE ELARDOLH

o 17 J=1.7 E<ARDOAY

Ay Lg I=1,14 E4ARODTO
REK{T dY=1. F4ARODTY

12 NEKtIedd=I F4aRanTz
IF (XHELIT 31430431 E45ROOTA

W XX=1. E4ARONT &
GO 10 32 FasRRO TS

31 XX=ANIL] FLANONTE
1z ICON=0 FLARQOTT
[+ GEMERATE EQUATIONS ACCURDING TO CLASS F4s80078
1CaS=1CAS F4AROOTS

GO TH (10223545 chaToB1a LEAS E48800R1

[ PLAME SIRESS AMD PLANE STRAIN FenpQnal
1 CH=CR/TE FLARUOR:
60 TO 15 F&ARODA 3
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142
141

194

20

40

%5

24
26

252
Loy

PLATE BENDING
1REA=?
FREN=3
NEK(1,1)1=2

MEK(Z,11=1

CR=CR/CT

HEK[Zyl1==1,

GL i 15

SBLEN OF REVOLUTION

CR=BRE/INXENDIT 421}

Gu TO L5

a0Lic -

1EQ=3

IHREN=2

FR=T./0DEL .10

CL=AREFDDIL41)

GO TN 15

SHELL NF REVDLUIIOM, MEMERENF CASE

TE0=1

CRECREARE /XA

GU fOLS

SHELL 0F REVULUTIUN, MEMBRANE END BREMDING CASE
TED=1

NEK{1,+2)1=3

CR=CREARES XX

G Ty

GEWERAL SHELL MEMBRANF CASE

1REN=3

Gu TO L6

GEMERAL SHEL| MEMOREME AML HENGING CASE

[AFN=3
NER(1,27
RERI242)
REK(242)==1.

ESTABLISH THE EQUATIONS
00 20 J=1+TRIG

DO 161 I1l,.A
AEQ(E}=0.

k=Mt

pa 16 I=IRER,IREN
K=K+ 1
RED[RY=RESIT)

B3 T 1=1,23
AIRLI)=0,

G0 18 K=1,.3
SIAET)=SERIL)+REDQIKISNINIK, 1}
COMTINUE

0o 19 1=1.1[EQ

1CON=TCON+1

K=NEK (1 .0)

LL=K{1)

I=1CAL+}
AVICONT11#REKLT ¢ JI¥CRESTRIK]
It 11-1) 192.1%2.19

DY 391 L1, 1000
ALICON, L i=CLANDILL, L}
IWG(I]=100

CONTIMISE

TF (J-IRIGI 154420+20
IREB=IREN+1

IREN=1DEG

TR=CR/CT

1CNM=0

CONTINUE

PLACE THE PRESCRIKED STRFRSES INTO S& IN SUCCESSIVE NRDFR
L=G

no ze J=1.IRIG
K=o+

[F [J-1] 26.4D,41

IF [ICAS-2) 45,41.45
CL=CLALT

Lo 24 1=1,1E0

L=L+1

SATLI=ALI.EI/CL

CART INUE

IF tINP-2) 100.25,25
TREN=ICDL+IRIG

EepRDOAL
FARRONES
£LARNORE
F4RRODAT
FAARONRH
FabROnRY
FaARNO90
FaaPOnol
FaArBROLT
F4A4RONG
FHBRONDE
F4ARDOSS
FaaRONIG
FLirnng?
L ankinya
FLARANGY
FaafQ1an0
F4aRalnl
Fannnind
ELARLINS
GLsRAI0&
E4AROLAS
FeARR e
F&ARDLNT
ELARDINH
FagRnlng
FAARALLN
FarkOL11
FaaunLLy
FHAKGLT2
FAaRQT14
FaaRUl11E
Fuahlla
FaAB0117
E4ARALLER
FLAHOT1Y
FamBOle
F&altngzl
F4AROL 22
FLARDIZ3
Faapin 74
Faarol2s
FanpOl2é
E4AROL?T
Fuhnniza
E4ARO1ZY
FLARMY A0
FaprROL3l
FUARDL AL
FaaRE133
FLARD] 34
F44BQ135
F4ARD] 36
F&tAOL37
EGAROL2R
E4AAOIAY
FahRnl&n
ExANDL4L
EuApQlaz
FeARQLa®
Fopmdled
FGARMIL4S
F4tRO) &6
F4AROL4T
FarRRL 48
EanpQlas
FenhLEn
E4ARRLS]
EaafQl52
F4aaRQLE3
F4ARQLSA
F48RQO1569
FRABALISY
F4RROLST
E4ARDTLSA
FLARDYSY
F&AROT RO

WRITE BUTPUT TAPE 64251, BSTyICOLIRIG, (EALT 02 d=14Th  ITHGIT)aI=1, FraBOLAL

LIEQY

FURMAT {15%.42,3X,32HEQUATIONS FNR STRESS BaC. FULLOW.14.3H X

Pr202,7E13.6, 1511

WRITE UUTPUT TAPE 6,232 SBETLIEKITI =1 61,CL
FRRMAT {15X% ABZ,3A. 1IHPRECRBOLETRS, 43X TELZ o %)
RETURN

EMD

FaaROL A2
+11/FGARDTAD
FarROL Ak
FZARALAS
FatbRlee
LI
FupROLaY

141



Table VII-55. Source program listing of
subroutine AGEL (Link 4)

ézunuetAHhL E4LGFLO0
SURRNUTINE AGLL FasGRLOL
C DUMMY SURRAITINE FaeaLELOY
RETIAN FLAGELDR
END E4AGELNY
-
Table VII-56. Source program listing of
. .
subroutine BEST (Link 4)

» LABEL
CE4BST FARSTRNGO
SUHENUT INE RESTICIR,.JRAN,MZ ] f4RSTONL
c OBTAINS BEST FIT PLANF 4T & NODE EaRsTON?
¢ TO OBTAIN UNIT NORMAL OF BEST FIT PLANE PASSING THROUGH M7 NODES F&ASTON3
[ OF JBAN SET ON VECTOR CIK E4nRTA0S
DIMENSION IACLI AATLISEE)aNIE] DALTZLY D313, 33£2213,2) F4RS 1005
TePL2a)y OVIZAT X (A 1Y (B) 2 IR XD{TI, YD (70 20746111} E4BSTODG
COKMMON 18,88 EGRSTDOT
EOUEVALENCES 1A, AR, ID2T (D7), IDZ10107,6221+4N21IL9}(E]{N2112D] (RIF4B5TO0R
EBUTVALENCE (TAIL), INT, (1423, TRN) «(TA{3)1T ), (I&14),IP),{TAI5), E4RSTONG
LLERS |, (FAIE), TTYPEL, (TAIT] IMAT), (TA(B} . IDFG], {1419}, INX],{14210),FER5TOIO
PUHI o UIAGLIT ) AT {TAILZ] o TMMXL o EEA{LAY o TMMY |, (1AL 140, IMMEY, (TRILG),EGBSTOIL
ATMFL ), I TRAILA] TARE 4 (TACLTINILI I «fTAL2Z50aMIa(2AIZAYSITY1,(IAIZT) E4BSTOLR
AISTRI . (IR1281«ELTI (1AIZ9)ITEMY s (TAL30141TIEY o IACALI ¢ IMET I, E4RSTO13
SOIAC32)+1SUMI L (1A133]« THD I (1AT360, IMST oL [ACIEI, IDS) (181371, FLRSTO14
ALORD, LEAI2B)  TORDTI 4 CIALAT] W ALFL ) ITAISO1,J1)- (140510 ,420, E4RSTO15
TOIAISZY ST e ITALT3), 40 (14055 ,050 (1A155),J60.{14{56).J71,(14(57E4R5TOIE
8) 0081 (TAISBTLJTY I, ITAI59], 18R], (14¢01 . 180) . {1at6L) 110}, (T£ib2),E4BSTOLT
GIIAY. (1AL620aIDT )4 [IACEAIIDYE, (1ACAS1 ETE) 4 ITAIAL], ITAR) E4B5T014
EOUIVALENEE (1A166],10ARI (TALATIICIX)  ITRIGRI.10TYI {1AL89), ELRSTOLY
LECIZ 1 0 TAITO1VILFT] CTALTI] L IXX ), (TACT2Y, [¥Y]. (141730, 122), E4BSTO20
FUIALTAY 1IC ), (TALTO) . IDEF) LIALTE) 15T (L1AITT).118) E4RS TO21
e {1801, IGEM} 24 1R (TG, JERR ). (AAIB01.TF), (AAIS11,0T34 IARIAZ) DGy E4R5TORZ
GUARURBIY ALL) (AR(B&I,ALZY, (AA(BS) ALY {AATHBI D21 CAAII0T) 4P}y ELRSTNFZ
SUAR(LILY UV [AATLS5S A1y CABCTAST, 1 (ARTTTLN 21 (AAFITR),40), E4B5TORY
AIARTLIAEY S YD) (ARITYAY L2001 CAAI35]1 ), 51, (42140, 1GEM) ELRETO2S
TetAATG2Ya INPY, (AA{431, TPBG)  {AAT44)  IPEND, | 84145).L0NS] AR 14E)  IUFSBSTO26
B4 fAATAT )61, (28148),52),(2a(6D),63) F4RSTOR?
FOHIVALENCE (14{3491,HTIC), (TA1346Ya50T)2TIAC26714150Y),I1TAIBLA) F4RETO2A
TyISDZ1p(T&1345),09), (TA1364)J20) 4 (TAI36A).JPUS) [1AIILT] 405DV} E4RSTOPS
ZrtEAC3A10.USO2) 5 (1AT3401 v JARE s CIACTIGT  AMMN 1y (TA(3TR], JMMY ] E4BST30
3201410337 14 JMMZ 1, (1A1T3A),UMFI) . 1TAI335), 1TAS) . (TAL336) . 102) F4RSTOAL
4o CEAL3320, IPRT {AA1332)1,06Y 3, {44{3311.NGZ ), {AA(330),PRES) E4BSTO32
Sl 1AL32S ), 1P IR ELHSTNIA3
DIMENSION BIR{3).SIR(3)1.010(3,31,SHLE1 KNI I, XFIBI.0N18),0F 14}, E4R5TOS
TREST&) (RENTS)  BAS(3), TCLAS(&] MBANILO) «NUT3 ) MEST3) E4RSTOIS
EQUIVALENCE {AA{2001,IONE I, (AAIZD1). TN LARI202) 4LM), (84(203),A5TF4B85TO36
11 PAAIZ041 TNEDM) o EARTROS ) ¢ AREN 4 LAA(20A)y ICLAN, (RRI1207) IMELY, F&RS 107
ZIRBIZOA) . IMI 4 IARIZOT)  IC) 4 [AALZ10) 4 ICON) + [A4{7 1) ANGLF}, [8A1212),FLRSTO3A
SICAS I CABRIZ13 4 TEN  LARIZ216),NR), (RAL2L5) MBY E4RSTO3S
Gy (AAL21A), IROT ). (8A{7LT],B5T) E4BSTO40
EQUIVALENCE (4212201 ,BIR), (RAI2233,51R)41AA1226) 401N, (8A(235) ,SRIELRSTOGL
Vo lBAtZALI XN o (AAT2a6] XF 1, (RAIZET) 0N, (AAI253 ), QF o LAAL2SY] KES IFSRETOLD
ZyLAALZESYRFD} 4 TAALZTLI,BAS), (RA(2T4)  ICLASY (LAALZTEY (NRANT E4RSTOA3
3, (AA(ZYZI4NUT, LAA(299) ,NES) F4RSTO44
DIMFNSION NEL (20,171 MAC{%r%:201, 1WG{I01,DD[A.61 8190, T RlA.R), E«HSTOLE
AC(Ry 21 FFI1).NSETCI00}MSETILO0} W3, 3] E4BSTO4A
EQUIVELENCE (AATLAODDI,FFY INUII} JPY]y INUIZY oML (NU{E}.JSL 1 E4BATNGT
EQUIVALENCE (FF{1)4NELYy IFFI34T R, MATI{FF{&81], [HRI, (FFIT51)1,ND], E4BSTO048
LIFFI7HT )08 (FFE1AT1T] 4R} (FFL14RLY L0, (FFILGST I NSET), (FFI1697T1, E4RSTO44
ZMSET} 5 LEFI1A9TH W} E4RETOSD
NTAENS 10K CTRU3).JEANILDY,VEL I3}, VF2(3) FaBSTN51
EDLIVALENCE (BILI,VEL]W(RI4),VEZ) F4RSTOSZ
L=0 F4RSTOS3
DO 10 I=14M2 EARETOS4
K= IRANLL ) E4BSTOSS
CALL FINDY (K.XF) E4BSTO56
L=t+l F4R5TA57
&1L, 1V=XF(11-¥H{1)}41.15 ELRSTOSH
AL 2)=XFIZ)—XNLIP 141,14 E4BLTNSS
AIL3)=XFIAI-NN{3]1+1,17 E4RSTOGO
AlLsarwl, FarsTnel
iv CUNT INUE F&R&STDAZ
DEY=0. E4RSTOAZ
IF fL—31 45,016,114 F4RSTOG4
14 8D 20 1=],3 E4RSTOAS
BD 20 J=l.u F485T064
RiL,+J)=0, E4METO&T
no 30 K=1.t E4RSTOSE
30 BLI.JIsRILed)4R0K, [}od(K, 0} FLRSTORS
IF 1J=-31 40440,4] F4RSTOTO
4l Rl 1=BIT.J) FARSTOTL
G0 T 20 E485TO7Z
41 CIRETI=BiT,uy F&ASTNTS
20 CONTINUE E4RETOTE
CALL INVIA,2,CIR,1,DET] F4RSTNTS
IF {DET) 50,45,50 FaRSTOT6
C PUINTS ARE ON ONE PLANE, LCOMPUTE NORMAL 4S5 YHCIMR PRONDGT ELRSTOTT
w5 DI 46 1=1,3 E4RSTOTH
VEL(Iy=dilL, 11 ELRSTOTY
46 NE2EII=AIR. 1) E4RSTARD
CALL VECT (CIRLWWEL.VEZ) E4RSTORL
50 O=1. F4RSTORZ
CAIL UNIT (rie_ny ELHS TOH
iF {IHP-2) BE.5A5H FulsTnRG
56 WRITE OUTPUT TAPE 6457, XNILIaXNIZ),XNU3),GIRI1),CIR(Z] CIR{EL F4HSTNAS
57 FORMAT(ZOK.12HCODHUINATES ,3F12.4, 4%, THNDAMAL , 3F,5) EORSTORG
LR RETURN FaRSTORY
END FuBSTDRR
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Table Vil-57. Source program listing of
subroutine BOFI (Link 4)

- LAREL
CF4BUF FaROFOND
SURHOUT INE AQFI FLROFNOT
[ TO FIND IF THE NODE 18 NN RNUMRSRY E46DEON?
NIMENSION FATEIpAATL ) SELIGNIE)-MALIZ11 D301 3),F221342) E48nkno3
LeP U241 4UVI22)  XUR} VIR Z0RIL XA YOI, Z0{73, 0101} FRRNFONG
CUMMNN Fd,ad FE4RNFONS
EONIVALENCE (IR AR)- 1021403530 (D210 F221-1D2IILSIEY, (DFLLZN},GIELROFODG
EQUIVALENCE (FACLIGINI LIAT2), T8N, CIAL2)uIT) (TALA),IP),[1A(5), FaBOFDNT
TIPRS ) (TALBT g TTYPE} A TAITE, IMAT)  (TACRIGIRER] o { 1A(9), INR) .1 TA110 ]« FLRUFODR
ZIHTCIACIL TN AL 12} TMHX ), CIAI13) s EMMY Ly T TAC 167, IMMZ] . {18C15).E4BUFANY
SIMFIY  C1ALLA] L TARE) < I Y&ILY ) aMIL b LIAC25 ), M), 1 12026), ITY ) ILAIZT) WE&RDFOLD
SISTR}ITAT2R) TELT - bEAL290 0 JIERI LIR30 I TIC - LIALSL) IMFT], FaanFaly
SUTALAR) ¢ ISUM) G ETE L33 TNt 1AG34) L IRSY (LAL38I. IDS . (18137, E4ROFDLZ
GIORG}S TTACSBE, TORDL N I A1) ACEL J.{1RISOIad1],y LIA{ST,J2], FaROFOL 3
TOTAIEZ 030 (LRSS ) o dh b o {TATBAY LU N (TAIBS) 4.0, (TATGA) . 2T) ¢ 1A (STELRIFNT G
Bl dH) LIACSBY e dTY )  (TA(S9). TRBY CHATGUY IRN}, ( 1A{6l 3. 1101 {IALAZILFARDFNLS
QIR L LTALEE)  EOT ) L IAGSG) g L¥ e f IAIASY IR 2 {TAL{GL},1TRP] FAROFOLE
EQUIVALENCE 1181681, ICA# ) LATAIY L ICTIX I I1AIMRI, ICTIY ), (TAIG9), FaRCFOLY
TICIZ3 - ITAITOLVICFET y (TA{ TR TN}, (2a0T20I¥Y a0 TR1T3N, 177D, ELBOEALR
PULAGT&L EIC 4 (FALTSY IDFF)C (TALIAL LSTI, ITAITT), 118} F4RNFALS
3oTTAUIH) IGEM) L IFR(TO) S IFRR) y IAATNOT, TE] + AALBLY BT ha IAALRZ) NG, EABNFOZQ
HLAATHI )N ALL ), LAR(RG) 4 AL2 Y A ANTHS) JAL3]  {AM{BA)-NZL)CARACINT 4P}, E4BOFOAL
SLARLIBT LUV LAALISS L X1 TAALIA3 ), Y ) (AACITLYA7 )4 |AAE1TS} 42D, FAR(FN??
HLARLLEEI TR LAMILIT) D), (AA(35L 0,5 (AAIADI  2GEM] FaBnFnZ3
7-l-ﬂll"?l~|Np1-lﬂﬂ“’3|||pBGl'(ﬂﬂ('ofvl‘IPFN!.EA!(GSI-EDNS).lnﬂl‘*f-IvILlE‘qFﬂFnzk
BLe(AMSTYAGLI I ABTHAN,GR ) I AATGT] R3] E4RNENZS
EQUIVALENCE [TAL249) (MTILY S (1ALBGRY ISNT{14034T), 18071 1181344} F4RNEN2L
LelSDZ) s (TAI345 1,090 (TAT362), 01001 TAL243], PRSI ([AT342),5DY] F4BOFD? T
ZalTAI2413 0507 ) (TAUZA0 ) JARE 1 (TAT335 )1, IMMX) L I TALIZR ), IMHY | E&NOFNZA
2rITAIZ3T ) JMMI ), (TAI336)dMF 1}, I TAC33R}.ETASI L 1403343,70]) EGBNFD?Y
ATAI3330, 18R e LAAI332) 1Y), [AN{331 1. RGT ), (AR1330).PRES] F4ROFN20
B l14¢329). IPIH) E4ANFD31
DIMENSTON fIR{3 0 5TRETNENI323) 4 SRI6D AN, EF (R0, 0NIE) ,OF L&) F4nNFa3z
TRESIG) \REG(H} «BASI21, ICLAS 14 (NRAN{TO ), NIE3),NEST ) FaROFH33
EMIIVALENCE 1AA1200), TUNEY . (A812011ICHI+ (AATZD7 1, LM).(AAIZ02) . A5 TFSRUFNT4
JHp LAATR04T 4 INRONY, (B2{205) JARED S IARI206) L T0LE] {&A(207) . 1MEL ], E&RNFO3S
PIARIZONY, IM), 18402091, 1C1 tAATZLON TLONY, (BAIZY 11, ANGLF ), [AAIPLP) F2ADFQAS
BICAS ), (ABI213),1F 1, (AALZL41¢MH) 4 [4A1215).MB} F4RDFO3T
Lo (RAIZYENIROTIL IAGI217I,R5T) E4RBOFD3A
FOUIVALENGE (881220),AFR}EAAI2Z3]SIK I (AR1226),NIN), {AA(2Z35) .SHIESRIIFA2S
TaVARTZGT ) XN [ BA(ZAG T XF 1 {ARLI24T 1 ON] +{AR{253],0F} {88 1259) ,RESIESRDF DGO
2, 1881265)RED) < LARIZTI) sHASE, IAA{2T4) ,IELRS) ((AN{2TBI NBAN) E4RNFN4]
3, 18412922000, | AAL255 ) NFS) E4RRFQL2
DIMENSION MELIZO«LT)4MACI4, 6,200 IWGIZD1 DU 6461 ATSDTI+AIR,AI, E4ROF43
101823 FF L1} NSETIIO0]  MSET{100] Wi, 3} E4RUFDGE
FQUEVALCNCE 1AM (14000 . FF)aINUIL I dPT ) ENIH2 )2 dM1 ), (NUT 3] 451 E4ROFQ4S
EQUTVALENCE AFFOL) A NELT W CFFEA41 ] o MAG) , (FFLEB1 0, WG IFEITSI 4NN}, E4BRFO46
LIFFIT8TI A IFFL1417),B)  IFF(1481),C), (FF{149T7 1 NSETY, IFF{1568T), ESANFO47
2MSET), (FF{1&9T) .0 £4BNFOLE
T FIND MINIMUM COMNECTIVITY NF INTERNAL NOGES (11 IM) E4RDEDA9
ICm4 F4ROFDSO
Toh=0 E4RDFD5G]
16=0 F4RNFOS2
IM5=2 FARMFNG
LM=zLH EatnFoye
0010 I=1.1k FLBOFOSS
IF (IC=MEL[1.,41) 15,1L.15 EAROFNS A
1L Tazlb] E4LHNENET
GO TO 10 FapnFOsg
1y IF CIMS-NELII.5}) 10, 9,10 F4ANFO59
4 ISh=I56+) E4ROFN&0
iu CANT TMUE E4BAFDAL
IRES=LM~19-158 FABNFN&2Z
TF ILed=T41 13,112,417 E4BHFORE
I3 IF ILM-154) 1A.14,164 ESBNFNAL
le IF IL&-TRES) 4Y0.17.90 E4ROFDAS
[4 THREE-DIMENSIONAL CONTINUIM E4BOFOGS
Lz n! FEAROFOAT
Gn TQ 14 £ LRNFOsH
c SHELL OF REMOLUTION FariFnay
14 TLIs=1 FLBIFQT0
LRI 14 E4RAFOT1
c THOD-DIMENS [ONAL CONT [NUUM FuRNFOTE
L TLTM=2 R54BOFOT2
C GENERATE L1SY DF NODAL LIME SET VIA NODES (NSET) F4BIFOTS
15 NH = F4BRNDFOTS
D0 1Y [={,LM E4ROFNTE
C FIND SEQUENCE NUMBER 0OF NDDF ICN IN | TH ELEMFMT RaROFNTY
THSNEL i Ta5) FaBIIFOYA
DD 20 J=14188 EaHOFNTG
IF CICN-NELUI,J+9)} 20.21,20 E4ROFORD
0 CHUNT INJE E&4ADFOAL
GO 79 19 F4BOFNRZ
[ FIND SEUUENCE HOS DF NODES AFTER(JPLI AFFORE(JM1}.8ND ARNVE({JS1) E4ENTOA3
L IF (INS-H) 27.26.26 C4B0F0R
et JP1=J41 ELROFQRS
IF (JP1-IMS} 23,23,72 E4BNFDRE
22 FH4BIFORT
2% -1 FaR{IFORA
(JHLL 26,26, 25 £4ROFORY
24 IM5 F&ANFO9n
25 AL+l E4BOFO9!
IF {JUS1-1WS) 28,28,28] ELRNFO92
2el  J&l= FLRNEGES
Gl T PH E4RDF 094
78 KE=({J=-1]/6)%4 F4ROFO95
JPl=u+L FLRMFN9E
IF tJPI-6—KK)} 29,29,30 F4RNFNSG T
3u JPIEMKK FLROFOON
24 JMY=g=1 E4BOFR9Y
IF (JML-KK) 31,31 ,32 FaBIFL NG
3T JMI=44KK FapuFIng
3z 481=g-g1 FLRAMFTNZ
L GENCRATE WODAL LIME BB+ NSFT F4ROF 163
28 Do o300 K=1,I1LIM F4RGFLO&
KE=MIM{K ) F4AOF 108
MA=KE+1 E4BIE] 6
MIETING }=MNELIT+KK+9) EapnFIn?
300 CONTINUE E4RNFLOR
lv  CONTINUE E4ANF 109
c GEMERATE LIST OF NODES [k BDUNDERY. NAAM BRRAY E4RNF110
GO TO [601,401,6071,TLIH EaRIIF] L
4 THREE NIMENSINMAL MESH CASE F&RNF112
602 K=0 FaptiF113
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BU 603 I=1.MB.3

DG 606 L=1.%

KaK+}

d=L¢z

TF {U-31 a031,6032,6032
6032 J=g
H04L =14y
Gii4 MSETIK}=NSET(IJ)
603 CONTINUE

Kfsx

MAeD

OU 605 I1=1.KB.2

12=1+2

TF (12-KB) 805148051605
6051 LF (MSET(111 505.505,6052
6usZz [J=0

00 8056 .J=T2,KR,?

IF IMSETIEI=MSFTIJ]) 6081 ,60A2.6068
&061 TF (MSET(I}-MSETIJ+11} 6G5,6063.604
6063 IF (MSET([+L)-MSETIJI] 60,6084, 506
6067 IF (MSET{1+L)1-MSET{J+1)] &U&,6064.56056
b0eh MSET(J}=0

MSET(Jel1=0

1J=TJ+1
06 LONTINUE

1F (1d-1] 405360544
6033 MMR=HB

00 5054 J=l,MMB

If (NBAN(JI-MSET{I1} 6054,A059,4054
6UD4 COMTINIE

MA=ME+]

NBAN(MB ) =MSETI1}
6055 00 6056 J=1,HMB

IF (HBANIJI-HSET{I+1)) £D56,605,8058
S04 CONTINUE

ME=MH 1

NRAN (MB )= MSETLI+1 1
605 CONTINUE

AN TN ARST
601 DA 40 I=z1,MB
4y MSET(11=NSET(I}

MB=0

DO 3% [=1,M8

IF (MSET[1}) 39,39.42
42

DO 38 J=1.N8
If [NODE-MSET(J}} 38,37,7d
3/ MSETLII=C
KLIM=KLIM+1
3k CONTINUE
IF (TLIM-2] 411,412,602
411 IF [KLIM=}1 4%,43,44
412 TF (KLIM-Z) 43,309,448
4 WORE THAM 2 REPETITIDN 15 PUSSIBLE [F IGEM=1
449 IF (IGEM=11 46,3944
43 MB=mis|
NBAHIHB Y =HUDE
G0 TO 3%
44 WRETE OUTPUT TAPE Bi961,1CH

Shl FORMAT (15,15X,44HERROR Ih MESH TOPOLOGY.NORE ASSUMED INTERNALY

GO 7O 90
39 CONTINUE
LUBT IF MR 90,9G.45
&4 GO TO {#6l.eh2,4030 dLIH

Table VI1-57 (contd)

F4RNF114
FaRMFL1S
F4RAF11 6
FaRNFL17
FARUFLLA
FallfFL19
E4ROFY 20
E4BOFIPL
EGANF122
F&4RNFE23
FLRIF1 26
E4RPEY7S
F4ROF1 26
F4ROF127
EohFLZA
FARNF129
FanOFL 30
F&RGFL31
F4RINFL 32
E4RIF] 33
E4RNF1 34
F4RAFLAG
F4RMF] 38
FeRNFL3T
LEGTN -1
E4RMF134
F4RNF140
E4RNF14L
ESpOF] 42
E4RNF143
EGHIFL 46
E4RNF145
E4ROF] 46
ERROEL1&T
E4ROF14B
F&RIF] 69
E4RANF |30
E4RNFLS]
F4RNFLSZ
E4BNFLS2
FeROFLS 4
F4ADELSS
E&HOFLS6
E4RNF157
E4A0Fi5A
E4«BOF1 5%
E4BOF 160
FRROF1 6L
E4RNF 162
E4ROF1A3
EuBOF 144
E4R(F165
F4ROF L6
E4RDFLGT
E4RDF 166
E4ROFLE9
E£4ROFLTO
E4RDF1TL
F4RAOFLT2
F4RNF173
E4RNFLT6
E4BOF17%
E4BMF1TE
FULROFYTT
£a2AETTS

tbl  NBAM(]

=0

HEAN{Z] =0
LF (MB-11 44,47.90
442 IF (MB-2) 448,547,458

OTHER
4qy  IF (1G
463 §F IMH

THAN 2 NEIGHBORING RUUNDAUY NOMES FUSSIRLE IF IGEM=]
EM=L1 44,490,448
=31 468747

THE MDUE [& (R BOUNDARY

af INAON=
e5T=1H
ESTABL
GO TO
MKE=I3E
A CALL 1

Go TO
THO~D T
44 CatL i
K=NRAN
CaLL +
K=NRAN
CALL F
nir 449)
49l ATRIE)
AdEw] .
CRLL U
ARE=AR
Q=5CaL
0y 4932
49z AIRCT]

1

.

ISH OUTER NURMAL (M RIR AND ARER DM ARF
(469,500, TLIM

MENS TOMAL CUNTIMUM, SHELL OF BEVOLIITION
NERISIR])

CALL UNIT(BIR.O)

wo
MENS INnaL COMTINULIM
NER(SIRY
{1)
[ ESLYE 8]
tz}
INDX R -}
1=1¢3
=X01y=¥1i

KITIBIRARE)
L e
(BIR,S5IR)
Ial.3
afIR{TI-0%ALRITY

IF (SCAL{HIR.SIR)) 463,441,454

&4l INBON=0
Gl 0 44
443 O=L.
GIY T 495
Gy Q=-]

fan CALL.UNIT(BIR-GJ
60 TO 20
THREE-DIMENSTONAL CRNTINULM

20 CaLL f
CaLlL B
1F 15C

sul  Q=1.
G0 0

Uz Q=-l.

5G2 CALL W
Q=0
N Soa
K=NAAN
CaLL F

504 0=0+SOATELIXFILI=2NILT 12824 (XF{2]~XNI21}422¢(XF{3)=XN{3] 2082

ARE=ME
AHE=3.
20 1F tIN
91 WRITE
22 FORMAT
WMRITE
92 FORMBT
WRITE
94 FUKMAT
100 RETURN
END

MER{STRI
EST{BIR,NBAN, MO}
ALABIR,5IRTT BOL,44) 507

503
NETIBIR.OI

I=1.MB
i)
IMDX LK XFY

1415900/ { 2, =ARE} ) &2
P-21 100,91,91
DUTPUT TAPE 6,92, TLNyAS) 2MBL INBANCE]I5L4MA)
(EG,8),0ex,21HROUNDARY HODFS FOLLOW. [20/(20%,20151)
QUTPUT TAFE &.93,NBL{NSET(I ) 1=1 MR}
(20%, 1AHNSET AHAAY FOLLOWS, [207(20X.2015})
QUTPUT TAPE &,94.ARE, IBIR(L1.122,3)
[ P0%SHEREA=,E15.55 9%+ LZHOUTER NORMAL 4 Z¥43E15.8)

Table VII-58. Source program listing of subroutine CAS4 {Link 4)

L] LAREL
CE4lARS

SUHROUTINE CASA
[4 NUMMY SUBROUTINE

JPL TECHNICAL REPORT 32-1240

RETHRN
ERD

Falas4n0
FaCaSanl
F&LASGDZ
F4Cahand
Fulabans

FapnF179
E4ROFIBO
FepOrF1al
E«ROF A2
F&ANF1832
E4BAF1HS
FapOF1RS
FeRNF18S
FARIFLBT
E4RNF1AS
FaRQFLRY
E4RNF180
E4ANFL9]
£o4RNE192
FaROF193
FLROF194
E4BUIF195
FLBNF194
F4RNFL9T
FLANE 19
E4RNFLEY
EaHDF 200
F&RNF2D1
E4HNF202
E4RNF2 03
FARNF20&
EafIF20%
FaRNF20
F4aRNFZOT
FLHOF 208
E4RIF20D9
FGHIFZ10
F4RnF211
E«ROF217
F&BNFZL3
FaHOEZ14
FLRANF219
F4BOFZ1S
FLBNERIT
F4BNF218
FLHUF 219
F4ROF220
E&ANFZ21
E4ANF? 27
F4RMIF274
ELROFZRS
F&ROF225
F4BNF276
F&anF227
F4ROFZZH
F4ANF 279
E4ROF230
FeRpnF23L
FaRF2 32
£4ROF7I3
E4ROF234
E4RNF235
F4BOF236
FaROF237
E4RNF238
F480FZ239
E«ROF240
E4RMIF241
E4BlIF2a2
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Table VII-59. Source program listing of
subroutine CODI (Link 4)

# LAREL

CEalUn

SUBROUTIME CONI

C TO GEWERATE LOCAL-OVERALL CONHNIHATE TRANSFORMATION MATRIR
DIMEMSIOUN TATL) (AALL),ST11.MNI8),021E211,D3303,30.E22(3,3)
e PL2E] UNI2G) o X B, ¥ iR 2RI b XDUTNRIT 200 G1E] Y
COMMON Th, Al

[ aiD)
Fenongal
E4LODDN2
E4CONOG3
E4COnnDe
EaCiinans

FOUIVALENCET 18, AAY 12140330 {02110 (F2R),IN2EILG],E) - (DAL1120),GIFACUNNNG

EQUIVALENCE TTALLIIoINY, ITAL2ZI, TANYL{I8L3), I TI, (FACLE P}« E1ALS).

F&CnDany

TIPRS 1y LIRS ITYFEN (2ALT)  TMAT), (1ATB} - IDEG) « CLAL9) ¢ INKILC1ATI0],EACODO0S
PIH  CEACLL T IB) o LIALI2) IMaX) o (TRILBN TMMY L LIALLG), LMMP b4 [ TA[15),E4CONG09
BINFLY L UTAL16 ) LARE S L1AILTI oMU N e LIACZSY  ME, (T&12R),1TY) (28127} EGCDDAIG

AISTR){ TACZR} TELT ) LTALZY A ITEMY (1A 13D} ITIC) {1A{L ), IMET )Y
FPTALZ2)TSUMILCIAIR3) IND) (L TAL3G] G TMS ) ([AL38) . I8 [AL3T).
SIORDN 4t TAIBE) w IDADL Y4 (TAEAG Y 8CEL 1, (1ATS0Y 4 d1 Y5 (1A{510,4.02Y,

E4CONNOX1
F4CII0NT 2
E4CQ0N13

TOIAISZ a3, 1 0A(53) 040, (L4154, 050, 1181551, 00, L1ATSA], T, {1AI5TE&CDATA
B)adB1y (IALSREITY ) I TAI59), TRBI, 1 TAIS0I« IADN, (LALAI] TN, (141B2] . E4CUDOLS

GIIAY  (TRIO31.INT I, LT8I641, 0 A TAIESY (JFF I {TA(41), ITAP)
TOUIVALEMCE (TAGES]y ICARN VI TA(ETILICIX) ({1ALaR . ICIYIa{IAT&T],
PICTZ) 0 TA{TO) - 1CF I p L LACTL b NN ETALT2 N 1YY 4120750, 122),
ZITACTG) «TIC ) (IAT TS o IRFFY L {IALTEY  ISTY 1100771, 18]}

fatuDnlé
Eaconol?
E4CNON18
EsConoley

3l TALTBYIGEM), {1A0TGY. [ERN )« 1AALAD), TE} [ARIA1) 0T, {AA1B2),06) F4LINAZH

DUABIB3I ALY, LARIBG]  ALP), LAATHS)ALB)  (AABE). D211, (AACTIOT) P,
SLAATLSY G UV s TARILSS) 251, (RATTABN Y 1. (RATLTLE 40, TAAILTS) X0,
BINAILBEY YD) LARILDA, 200, (AAI3511 5}, (AAI4N], 2GEM)

E«CODN21
£4Lnnn22
EOCODNA3

FalAA (42} e INPIL L&A(G3] ,IPAGH. (AAT G2, IPENT 4 TAALA5 ], CONGI. (AAT&A] MIFGEONDRA

BUo (AALTLT Y GLI (BA(4B] G211 1AAI4Y],GT)
FRUIVALENCE
LylS0Z) (1413457 ,091,1TA1344) 100, C1A13431, JPRS) (L TAI342),J50Y)
2o lTRI241) 0802 f TALAG0), JARE N, LTA1330) ,JMHX) - 11ALATR) 4 IMMY )
3. 0TAIZIT) 4 dMMZ ) LTALBI6) , JMFDY  (1AC33S ), ITAS ) (TAT334), 1021
By lTAIBAR) ¢ FPR I, (RA1332)«DGY N fAATSI] )4 DGZ ), LAR[AZ0] .PRES)
Sa1181329141PIR]
DIMENSTON Al&,58) DIRIZ 3V VGLIZ)TIAIRDI31.PNIII,0UGITI

F4COnNnD2s

(TAT349),NTEEY, LTALISBI.ISOT). (TA{34TE, ISOYIL (1AL 244) E4CONOZS

E&CODNRT
E4CONO2A
E&COADNZS
Facnnoeiog
FLL0MNAY
FaCiingaz

EQUIVALENCE I1ARIZD0) A} 1ALLIZHE)-FL, IAATZ3TY.AREA ). (BA(F3HY, 11} E4CIN033
l;(dﬂ{?)?l-JJI-(AA(ZéOI.IR).(A#(Zﬁl].JHl-(AA(?LEI.NV!,Ihh!?bklvﬂlﬂ)‘ﬂﬁﬂﬂﬂ!h
2eCANEING] G UMGY, (481291 1.PDY. (AAI24 1 PN, (RATZST) DRG]+ (AA 3001, TIE4CNDD 3G

EL=SDRTFIXD{L ) =X0(1i+¥PILIsyDIL #2001 0ZDiL))
IF LEL) 1010,1010,110
110 T# (IELT-3) 118.2504115
P15 DIR(L L3=XD{1Y4FL
DIRIL 2)=YRtL /FL
DIRIL AV =IRILYLEL
IF tJUMFIY 1010,210,130

210 IF tIGEM) 1010,220.1010
130 FLFIJ=ICFI+amFI
IF [ABSF(AA(ICF1.0])-30,) 160,140,1010

140 Fl=ea(JCFIJI®3.14)5925/1R0,

IF (K1) 144,144,146

SIGNFI=-1,

GU TN 148

lab SIGWF]=1.

148 IFIARSFIUIRIT, 1) I— 1E-3) 190,150,160

120 TF(ABSFIDIRt1.31}~.1E=3} 2R0.1HG. 17D

160 DIWA7,2)=CNSFIF])
ASREDIRILTIwNTRIL.11
AX=1.4+MIRI1¢31201RIL, 307850
RXENIR{YZIONIR(1.3)2RIREZ, 2] F250
CX=DIR[Z: 212D IRIZ 2 I4DIR 1L 2IEDIHI L, 24 DIREZ, 2 %N IR 2,30 AA50-1.

14

I

DIR{2431S(~BX+SIGNF] &SORTF{BX¥RE~ANSCN) ILAK
165 OIRLZ, 1 Im(-DIRIL,20¥NIR{2, 21=DIR{1 319D |R(2,313/01A(T1,11}
GO Tu 190

Li0 DIR{2421=CNSF(F])
DIRCZy3 ) 5=0IRIL, 20SDIRI2 2} 4NTRIL 430
DIREZ L I=S IGNF 14 SORTFEL . =DIRIZ 21 40EHEZ,P)=D1R (7, 31701R 12,31
G TN 190
160 DIR(Z, 2)=LOSFLET)
DIRIZ,2)=0.
OIR(Z,11=STANFI*SQRTFIL.-BIRI2,3I%NIRIZ,3)}
190 DIREZ, LI=0IALLy 21RDIR(2, 3 1=DTRIL22I4NIR (12,42}
PIREZ,2)==DTRI1, LYEDTRIZ, 3)+401HE1,3)50IRT2,1)
CIRI2,31=IHR{T, 114D IRI2,2)-DIKILs2)&0IREZ.1}
GO TO 1000
220 DIRIZ.10==BIALL, 2}
BIREZ.21=0Ir{1,1
DIR{ 243120,
NIg{A.11=0.
DIR{3,21=0.
niRi3,3)=1.
GO TO 1000
2b0 DIRIL,1)=1,
DIRIL,2
DIR(L.3
DIRLZ41
ODIAL2,.2 D{LIJEL
OIR1Z243)=¥DI1}/RL
DIR{A.1)=0.
NIR[3.2}=-n1012,3}
DIR(3 .3 aDIR{2,2)
1Gu0 RETURN
1010 TERR=1
G0 T 1000
ElD

144

EaCiinnie
F4CNDO3T
F&LNDOIR
EaCMnn 39
E«CNN0&0
FLiCnnn4l
Falnnneg
EACTN043
E&CINMN G4
FELINO4S
FACIIDO46
E4CNDO&GT
FaCilinas
F&CNNDn&s
[t b LT
F4Cnnost
E&LONOS2
EaConns3
ELLNNnss
faCiinnas
E4LOR0SS
E4LODNGT
E4ACNA0RA
£4LNDOSS
FLINNAR
FLLOO0A ]
FaConpnsz
E4CONNDA3
E4Cninse
E4CiNnAS
FALNDAAL
FaClNnAT
FL&Lnian
EaCiNnms
E4LODOTG
Facopayl
FLCnnaT?
FACUND T
F4CNROTS
F4CODNTE
TacnN6Ta
F&CinoT?
ELCHDOTR
FALODOTY
F&CODGRN
F4LOnnn
FaCnnarz
FLonnoa3
FaCODo&e
FaCnnnns
EACUNNAL
FaLNNoR?
F&COpnas
EACNNGRY
E4CANNYA
E«fipagl

*

<

Table VII-60. Source program listing of
subroutine DIMI (Link 4)

LABEL
CEalIm

SUPRCGUTINE OTMI{K}Y

TO GENERATE AND OUTPUT STRESSES OF OME-RIMENSIONAL ELEMEMTS
TIMENSICN JACE11AACLaStT eMIBIaRZI 211 D23024234E2217,729
TaPrRatsUMEZa)aX 0B aYIR]AZE8) 4 XD T 1 ¥NIT1020017 (B0)

COMMON 14 4nn

EaDIMOCn
EaUlMO]
FaDlvanz
F4DI¥ADI
CaDIMANG
FAD1¥aN5

EQUIVALENCE! 1Ay AAY  (D214033) 40021110V F723 4 (DZ111514E1. (D7 11201 +GIFaDIMANS

EQUIVALENCE FTACI TN (T A2 TN i TALI T a (TALATIPYS{ [ALR],

caplmant

LTPRE Iy CTANGY e ITYPE Y LIATTI e THAT o (TECP) A IDFE) S [TALT) 4 INYY [T LNT oC4DTIMANE
ZIHY et TACTLY 0T8Il TALLZ) o THMEY o LACLHY o P8 E i LBy (6 IMMe] g 1As 17 ) g Fal ] MyLy
IIMEL L CTAI G TARED b ITACLTY o NI b pd TAI2E Wy o ( IATZB) v ITY P TAL2T 14FADIMOLN

AISTRI-IIAIZB!!IELTJl!fﬂlZ?l-lT“Ml‘1T°E?ﬂlo171(lv(lﬂ(3l1-IM¢T}1
SUTAIIZYISUMI o fTALB3 o JHDI S (1AC 4o FME o { TALI8 ) ILE)  LTRLAT,
GTORD I 1TAI3BIS 0RDL Ly I TAT39)4ATEL 3o (1ATSOYJY 1y (TACET 1002}

FabiMalt
EaDIMgl2
F4DTMOLS

7(]#[52!|J3)'IIA(S?}»Jﬁlp(|ﬂl5“)yJ511(|Af55?|J$l|(1ﬂ(5&leT)-llAI5TEbDI”015
BladAl, (TA(SAsTY o [TACSOIS1BBY p U {A0AN IR0 (22181, 11D et A{B2 ) LalIMA1S

SITAdallALETN IDTY el IAIBAY 1 IRY s (120651 ITEY, ITRLLL) 41T4P)
EQUIVALENCE (TATS6) + TCARY ETA(STH  TCIXT 4t TALAB I TCIY )+ (TAI80),
TICIZ el RTTO I LEF T a LARTI IR It (81723 a 0¥ Y]y (1407, 0220,
ZEFAETA aTIC) alTA0P5)  IDTFIA L AITE eI~y Jut 1At P ratlnn

3o CTALTEY A IGEMEw I TAITR) S TERR I IBALRMY oTF) o LAR(BL1,0T1.0ARIR2),06) s
ALAATA3TsRL LY (AATRGYJALZ Y LAATAR) ALY (ABIART SN2 1), (A3{1NT) Py,
SEAALLBTI UV LARTISS X L a (ARTTEI Y o LABLTITT N2, TAA(L1TT RO
SEARLVEBEY 2 VDI LARITIFI47N) ¢ TAALIGL Iab b o B01EN 12 LRFM)

FanTmMnils
Faprmnly
FulRIwald
eapmMple
FunIwmnan
FLpIMnZY
FaDIYn22
Falrmyas

7|IMAIQZI-INP:||lﬂ(53!¢|pBG}s(AA(ﬁhl‘TPFNI;(#A(*SlI(ONSI;IAAI&&!-IUEhDIMozk

BV RATATIG1)+LAACAD) 4520y (RATLD ) 4GRY

EQUIVALENCE (IAL3AR) (NTIC ot IAT 348 10 TS0t 8038718 TR ac [AL 180 ]
1o lSOZ e ITALIAE] 420+ CIAC3A4 IO 40 LB 15634 0P ) g1 R Zridathry
ZalIAI261Y 4 U502 A ITALZEQY b JARE 1+ (TACTAZY L UMMY 14 { TEI32A] . JHMY )
FelIAIR3TY A MMT } L TATR26 b4 JMFTI, (CTAFAG), [ TAS s (1A12381.1D7)
GalTAIZ33Y41PRIVFABLTIZ) A DFYS4LAALIRT 14 02 2t AAI 33N} (PRES Y
5y1Ia1229141PER)

DIVENEION WVEEC12) PV (612)4DIRLT-04NUMI1ZY,RTIZA)

EQUIVALENCE (AATZOCY WIS (BRIZ123aPY ] o {AAC224 1 ,DUMI L IASI 236 ,EL)
1o EAALZ2EG) sDIRN A CBAT 27231 4PT)

COMPUTE STRESSES A1 IHE nODEs OF OME

WRITE QUTPUT TAPE 6,1
L FORMAT 11H1.29%«7OHSTRESS ARD MOMENT RESULTANTS

DEMENS IONAL ELEMEN.,

FaDiMn2s
CalllMnzs
mauMge !
EuDIMn2e
Fablvnzg
FaDiMain
FadlMn3]
Eallbplz
Fapimnls
EalRTMas
E&DIMy35
E4DIMa3g

AT THE NODES OF QEaDImMp3?

INE DIMENSIORAL ELEMENTS/30X+TPHOUANT ITIES ARE IN THE LOCAL COCRDTNESGIMGES

ZATE SYSTEMS AT THE CHDS OF FLEMENTSs/18H £L NO. NORF
BN 12X e BHO=Y 5 12X 3HO =25 120 3 THM=X 4 12X 5 THV =¥ 4 1 2X « 3HM-Z }
10 RFWIND [Ta5
IERR=0
TNE=2¥ ] DFG
2GEM=[GEW
DO 1000 MM<l,1T
102 READ TAPE TTAS My ITTTe ETTHINAY, IMSI DS TOSZ4 INCI w124 IMSHLUSTT) s
LI=LeJDS2IwtPTUI4PIT eI, 108
IF (ITTI-ITTHM} 102.105.105
105 [F INAY=2) 106,192,106
106 IF iMM=M) 110C.111+1100
111 Jim=zJ14m
TELT=1ACJIM) 2100
IF (IELT-43 11611791000
110 pD 20N Ial,.18
JENIT)
1XXa= X%+
TYYd=iry+d
IT2J=122+4
E{Ir=aRLI%XdY
YITY=ALlYYJY
ZUIY=AML[2ZJINZGEM
IF 11-11 200,200,127
120 KDIT=132XIT1-%11)
YOUI-1 w¥(Ta-v{1}
ZDNI=1¥=71Ir=2¢1)
CONTINUE
CALL Ceol
0O 250 I=<2004235
AAtlr=Ga
DO 300 falwz
A0 300 J=1,3
RIRT=DIR(1..J)
CIRIT, N=DIR{J. 11
DIRUJa1)=DIRT
3c0 CONTINUE
CALL 5TRA
1DEFM=TDEF-TDEG
Lv=n
no 370 1z21.1nEG
INEFI=IDFFM+T
DO 360 Jsleims
IDEFJ=IDEF1+IDEGHN{I}
LyaLy+]
VBELLVI=AA{[DEFJ)
360 CONT INUE
370 CONTINUE

20

2

25

o

CALL TRANIVDF .7}
l==1p%

B 415 1214105
I1=T1+ID%

o0 10 J=14105
T4=11+2

DUME I =DUMET1+5TJY*UDE 1Y
410 CONTINUE
415 CORTINUE
CALL TRAN (P.0}
L=0
Do 418 1
no 417
L=L+1
Pytfadi=nDUMiLI=PiL]
alT CONTIMUE
418 CONTTNLE

IF (IELT-21 5N0,42N»&30
420 PYLlas11=PYI3413
PYIGZI=PYI3,2)
PV¥13:11=0,
PV (3,200,
GO TO 500
430 TF (IELT-3; 5G0,a40s500

44N 00 450 Jal,7
LO aSr T=1.7%
{W=6~1

TYPE, 90X AHN-FADI MO 1T

FaADTMAan
FanTMGa]
E4DTmO42
Falimnal
Fantunas
E&DTHO4AS
E4DIMpag
EADTHOAT
E4DIMos8
EeDIMOLs
EalIMpSg
EGNIMASL
EuDlWns?
EaDImMn53
FaDIvase
EuDIMASS
EaDIwase
EalImMnE?
FabIMpSE
E4BIUOSY
€4cIvnen
Falivngy
E4DIMDE2
ELRIMn6d
AT
£4D1MOB5
FLOIUMP6G
FaniMNET
FLDIMOES
FLOIMOED
E4D|MOTD
EudImMoT1
FudIMatz
FuDIMn?a
E4DIMO T4
EaDIMOTS
EaDlMaTe
E4DIMQTT
FaDIMaTER
Fanimars
E4DImp8n
FanrMga]
FaDTMy82
EaDTMBgs
EalTMo8a
E4DimMpas
FapRIMnAs
F4LDRTMOAT
(A el 1: B
FabtMnAs
Fanrugon
E4Diwngy
FapTMo92
EubIMp9a
C4bIun%a
Fanimpes
Eabfmn96
E4RIMpe7
E4+DIMD?R
E4DIMRT?
F&DIM10n
E4DIMIOL
EuDIming
DIV
FaDIML1NL
EuDIMIrS
E4DIMLOG
FLDIMINT
EsDIMiDE
Fabiviag
ExDIMYin
Fupisdily
F&DIMIT2
EaDIML12
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Table VI1-60 (contd)

imasIM-4
PULIM, I =PY{1Ha, 0}
PY( MG, 0 =0,
“50 LONTINUE
SU0 HRITE QUTPUT TARE 43
FORMAT tiK )
CO 510 Jx1,.86
5L0 PY¥LLy 1 i==PVTI, 1)
WRITE DUTPUT TAPE 5:2-{M NITI,TFLToIPVId Bl vd=lablal=ts P}
FURMAT [1K314,218&.3K.6E15,5
14900 COMTINQE
1010 RETURN
1100 1ERRay
KM
IAL201)=MM
GO 1O 1010
END

w

~
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FanlM1l4
E4DiM11S
EapIMILS
EanlnIlT
E4DIMILB
FanimMity
E&1TMIZO
FaniMiz1
EsDIML22
EaDIMLRD
FaniMl2a
EalImL2%
L ]
FaniM12?
E4aDiulzA
E4nTM}29
E4NIML30

Table VII-61. Source program listing of
subroutine DINA {Link 4)

» LAHEL
LE4LIN FanHong
SURRDUTINE NINA FanonL
C ORTAIRS LOCAL CONRDINMATE AXES AT & HORF IN SHELLS Faninnn2
[ TG GEMERATE BAS VECIHIR, DIN MATRIX AWD AMGLT FLDINOS
BIMENSION TATT}4AA011,50L)-R(B1,021(21),03313,3).E2212.3) Faninnna
TP 1240 4UVE24 ) XIAY VIR ZIHY XDITY D7) L IDITHRILLI FuldINAAS
CUMMUN LA, AA EaplNONS
EOUIVALENCEL I A, &40, ID21,033),(021(20),E22] (020190} (0210201, GIFLDINAAT
EQUIVALENCE [TAIT1), [N}, (TRIZY 18N (1AL 41Ty (1aC21, TP) tIAIS], ELRINONA
TIPRS I CLATE v ITYRPE) ({1407 TMAT), CIAL{R) S IDEGT . [1ATUR4 TN T TALTD] DIRNOg
ZEH e CIACTT g I8N CTAILZ] o IMMR I I TATLA] S IMMY 5 (1A{14) THNZ} LTALLS ), W INCGLD
BIMFI ) {1A11AY e LARFI«LTALIT I BI04 ITAI251 M)« L1AT26) 1TY) (JAIZT]ILE4DINOTY
AISTRN A TA(2BY ¢ TELTI 4 EAT29) o ITEML 0 1ALA0NITICY, (ALY IRET) . F&nINOL?
SULALB2 1. ISUM, LERTAZY  IM0Y I TAE34 ) IMSY, 1RT36),105) 1 ERI3T), E4NINOLT
BIORDIy L IA(3A) L J0RNY I+ LACAGILACEL FalTAISOT+ L)+ (IRIST)0 2] EafIiMDLL
FULATSZ N0 1, (TA(B3].J6) , [1AI52],05)e LIALSS Y Jb), (1A(5A1 ), (IAISTEADINGIS
Big Bl CIATSEI o JTY ) (T&155] [BNY, (IALADI B0l (TA(SL]4 1IN} i TALEZ 1 E4IN0Le
SR, (1ACH3) 4 IDT  (IATSL) o IOY I (IA(HS) TR LIALAT].ITAR) F&DINOT?
EQUIVALENCE (1A165)T0ARI L 1A(BT) L ICTH L LIALAANTCIT) IR I6Y], Fan|m0l8
VICIZ 4R lACTGIICFI) IRt TL 1) (AT} IVY YL LTAIT I 122, FaDINNIS
PLEAITAN, TEC) 418750, [DEF)ITATTEIIST) .1 EALTT),TIS) EaDIhG20
B UTAUTAY  EGEMT p{ LAUTO) L IERR)  LAA{AD I TR« 1A {HLY DT (2A(R2] 4 AGY, FAITAYIL
GUARTAS] vALL) o LAALEAT,ALZ) ¢ (AATRSI4AL3] . LARIBA).DRIT, LAMIINTILRP),  Fanlnnzz
ELABIL31Y 4V IAR L8] X ] o (AA{1A3)N ¥ ¢ CAMIITI IaZ ) UARLLTEY XD}y E&«nTNNZ 2
GLARIIBE) YD) o LARTLSAI 20 BAL3SLT 5 ) (AA{AOY L ZGEM) FaninD24
TolAMIG2Y) L INP), [AA(4T], IPBG) 2 1ARIGAY  TPEN) L (BA14S]10ONST . IRALGA ). TUELDINOZS
81, LAR(4T] pG1 e lARLSE),B2)  [AL(AYE,63) FanItnzé
EQUEVALENRCE (IAIB4G . NTTC), [1A1358)1  ESOTI, (1A{38TI, (SN¥I,11a1%44] Fan|Ho?
1:1501!:lIAI?AbJ.JU].Ilﬁl344!'Jlﬂl.lEAI3“3I.JVRS).1TthG?l-JSUY] FARTHOZE
2 (TAIAEL) SN2 Y e LIAI340 1. JARE 1o I TALI3S )4 d#MX) 5 LI ALAZAT L IMIY] E&l N2
Ay L IA{3ET ) JMHZ), (TALS361 .+ JMF 1. {1A(335], FIaS1(1AL334),T02]) FaDINO20
4|(|A(333)-lPﬂ).(Aﬂ(312IaDGYI-{ﬁﬂ(B!ll.nGZIoIAAIEBDJ.PR‘SI F&0IN0AL
Syt lat3zyy kP IRY FalvING 32
DIMENSIUN BIRI31,$TRIZI,DIM(3,3)5R1A) . XNI{3}LXFI31.ONIE)OFI6), F&NINAT2
IRESIAT (RENIA) BASE3] L TCLASIGT MBANLLOY s MUL3) NFSL3) FanInn3s
EOUIYALENCE [ABL200), 10NE ), (AAIP01) » ICN]«{AAI202), LR, (AALZO3), AGTEARIMARS
11, (A8 12041 INBONY W LARE 205} LARE ) {AALZO&Y, TELAY . (ART20TH 4 IMELY S E4DIKD36
?(AQ(ZUB]-IMI‘(ﬁAlZDq},ICJ.lAAIElOJ—|CUN1¢EAA(?11];ANGLE!,[AA(?[?I-F“UIM"BT
AICAS]»FAATZIIN L IENCIRALRT4) NE], (AALZIS) MR Falihn3g
4y IAACZLE) L IRDT), (AAIZTT),RST) FATNn3Y
EQUIVALFRCE (RA(ZZC) 4BIAY 4 AALPZE1 51K, (BAI226H.DINY I AAT235)SRIFATIINGAD
lalhﬁlzkl),lNi-IAAIE«&].KF},EAA(?Q?I.ONJ.EAAE2531gUF)1lnAl?E?!;RESJE*U!NGQI
2 {AB(2E5I4RED] ¢ (AATRTLY AAS), (AALZTA] 4 ICLASY, LARI2ZTA) MNARN) FADIMO42
3. AAAC2G2 )M LA 295) NES) FaniNpg 3
DIMENSTON KWELI204 LT oMACEG 24 200 IWG (00NN 6 6] A{G0 T RLRMY E4DTMN&4
1CEB, 21, FFITY4NSETILDUI,MSET(LUD) . W(3, 3] TF&RINDAS
FOUIVALENCE (AR (140001 FF 1 {NUCI)+JPIT (NI(2} oMLY IMIE3) o451 FaniHoa6
EQUIVALEMCE IFFIL)+MELT. T 3613,MAC] L [FE{66L), THG I IFFITO1Y.TRY, FERINDLT
llFF(TﬁY],AI.lFFII%]T]|B).IPF1WQHL),Cl.(FFl14@7].NSFTI-IFFI1597|. E4DIh0LB
2HSETI{FF{1A9T1,W) EaDIHO4Y
[ SEE IF DIN AMD ANGLE ARF TI BE OBTAIKED ¥IA SURADUTINF AGFL F4nINDSY
1F (IRTR=-1) 2.3,% E&4NINOST
4 CALL SUBKOUYINE AGEL FOR NIKN AND ANGLF FabiNO52
“ Call AGEL FANTHORS
GO TN 5 Een1lnnsg
C 1§ IT SHELL 0OF RFWULUTIMNN FalllnNGs s
3 1F (TCAS=A} 20,20.21 FLl INSA
C SHELL OF REVOLUTION FLNINDOST
2u CALL REVU E4lMINAGR
G0 oTO % FANiNnnYy
C GENERAL SHELL. NETERMINE PIN &KD ANGLE BY HEST FIT OUADRATIC FEDINNSO
2l CALL Quan Fanlnnal
o 1F (IMP=21 Teb)f Ea{yIRiig6p
L] WRITE OUTPUT THPE &3&l ANGLE. LIDING] J),T1=153100=1,3) EaNINOL]Y
&l FURMATLZDX PSHANGLE L2XF 10, 37 E4NINDBS
1ROXs FHOEN+5X s BHKS T 2%, 3F 7.4, 9% BHETA 2%, 3F7, 40 BX L kHZETAL 1X2 3F 2.5 F4RINOSS
7 RETURK FallmMnas
END FADINNAT
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Table ViI-62. Source program listing of subroutine EPAN (Link 4)

LABEL
N FAERNNGH
SUBHOUTINME EPAN E4EPNGOL
INCREASES NDDF SET BEYOND 9 IM SHELLS AT 4 NOOE FL4EPNDD2
TO TNCREASE MODE SET |NSET) POPULATINN NH BEYDND § FODRA QUAR EGEPNOT3
DIMENSION TA{1},A801).5{1 . NfH)D210211,0330343)4E62203,3] Eak PNONS
LaPi2aY 4 UM{ZA) ol I@ YIRS LIAN XDUT N ¥DIT ), DT GLILY FGEPMONE
COMMUN TAaan FLEPNDOG

EQUIVALRNCE( 1A, 440, (D2L.D32) (D210 E22) 4 INRT1(29).E} {2 1L{20)+CIF4EPNADT
EUUIVALENCE (18113 TN (EAG2 4 IBNI (1AL T), (A4} [F )1, 01A(K)I. F&EPNDDA
LIPRS) , (1AL ITYPE) 4 (IALT] L IMAT), (TACR) . IBEGY S (1819}, INK) A1 TAILG) . E4ERNAGT
2IH G LEATLEN G IB o 1TALL2 1, DAMXY . (FAILII cIMMY Ll 1A LI &1, TMMZ ] fTAL26) E4EPNOLO
BIMFIL 4 CIALYE )y JAREY 2 A TACITYIaMIL ) e LIAL25 0 oMl ot 1ALZAI L ITY) ,L1AL27) EGEPNDLL

AISTRIG(TA(ZAY S TELT) A (1AI2Z9N EVEH I L EAL30) ITICH {IAI32] < IPETE, F&4EPNDL 2
SCIAT3214 [SURMTUTAIIS) fIND] +(1A{34), THST L {TAL{361, 10511 1AT3T), E4EPND12
HIORD), (14{3A). [ORDL) .+ (FAC39), ACEL Jo[TA150) 2l 1TRIS1Y «02), F4EPN] &

TOLALSZN  d3h o AT 153) 2041, (TALSGY W dS I 1 TAIS5) 4060, C1ATGRY,JT), [ IA(STEGEPNA]S
1o dBYy ILACSBI 4 ITY ), (TA(GO), 1BB) (1ACA0), POt IREEL) TINI, (I&162),F4EPNDLE

FITAL, (1A0A3) . 10T et 1ALAG ) 10V )y (1ACOS )4 ITE) (I8 141, 1TAP] E4EPND1T
EQUIVALENCE (IAI&S)1 [CAR) v (LAUGT) L ICEK} S ITA(6B)-1CIY I, LEALEYT, F4FERNM1 &
PICTFZ o i PALTON FCFI D 0 TACTI) TRX ) (TALT2Y LAYV, CIALTRD.T22), F4FPNOTG
2OIA1T4) FIC) . (TACTS1 «TDEF) L {1A{TAY, ISTI,(T&ITT} 115D ESERNOZO

32 I TAITEYIGEM) ¢ {1ATTR), IFRR )}, [AA1201TE) ¢ [AREBI 1 NT ), |AAIAZ) D63, FEEPNDZ]

ACAAIR3 ) ALLY  (AA(ES) AL2T ¢ (AATBS) AL, (2A(AGI D211 [ARIL0T)4P)y  FGERNND2
SUAALLBL] ¢ UV ) LAATLSS) o X T4 TAATTAB] Y1, TAALITLI 21, {AAT17D1. D), FLEPNOZ3Z
GIAA{LEB] YO, (AACLDA 400, (AA(35L),5), (AA140) . ZGEM} FGEPNO24

T lAAIG2Z 1 INPY, (RA143) . IPBG], (AA(G4) IPEN) s | AAT4S) CONST. 48 14k, IHESEPNOPY
AYpCARCAT] L GL),{8AL40) .62 LAAT4D9),63) E&EPHNZA
EUUIVALENCE (1A{349),NTICI.TLAI348), ISNT) ITAI34T), 150V, 11A134R) F4RPNOZT

135021+ 41413451090 TLA13C4} 0100, {[80343), JPAST{IAIS4RY ISPV E4AEPNORA
2e01AL3411,0502) 4 {1A(340], JARE), (TA(339),dMME1 . LTAT3AA), IHMY ) F4EPND2Y
3o CIALIAT I, OMMZ) o [ 1A(AIA) L IMFT) o (1AL335], ITAS), (LAI334), IN7} €4EPNO3N
4el1AT3330,IPR) (AA1332),DGY], {AAII2L),DR2}y (AA1330),PRES) FYERNDI]
G,01A4329], IM[R) FaEPNO32
DIMENSION BIR(3),SIRI3I,HIN{I, 31, 5RIS1ENIZIVXF(R1.ONIGI,QF (6],  E4EPNO33
IRESI&I(REDIA) 4 BAS I b, [CLASIA) ANBANTLUISNIN DY HFS(3) E4EPND 34

EOVIVALENCE (472000, IONE}. CARIZ0OT) yICND, (BA1202)1,LH1, (AR(203] A5 TEGEPNO3S
11 {AAL204)  INEDN ), (AAI205) AREL ¢ (AAT2061, JCLAY{AATZOTI 4 IMFL], E4EPMO36
2|Aﬂl203!yIH)‘(AA(?UQI;|C||(AA|EIUJ-ICnN},IAAI?]lj.ANGLGl|fdﬂ(212l,E#EPNn17
BICAS)s AAI213), 1E), (A41214) ,NB] .t AALZLD] ,MA) F4FPNN3E
e lAAI2Y1&), IROT ) (RAI217),B5T) FLEPNATS

EQUIYALENCE 14&1220),BIR},{AAI2231,5IR), 188(226) ,DIN].[AREZ23%] 5R)IFAEPNGLO
LalAATZGTY 3 AN, (AALZ44 ) XF D (AM(26T)  ONE, (AAL253)0F ), IAA(259),RES | E4EPNTA]

2,1 AAL265) REDY, (A8 [271).BASI {AAI274), TCLASY, LARLZTRI ,NAAN] E4EPNN4R
B lAAIZO2} NI {AALZYS ), NES) E4EPNDGE
DIMENS [N NELT20417T]4MACTS, 4,200, THG G0, ODEEsA) 44050, T1,BI18,8)1, E4FPNN44
LCEH42) - FF{L) o NSETILDO) W MSET(LOU) W{3, 51 FuEPNOLS
EQUIVALENCE (281140001, FF1(NUTTI P I, (NU{2)-JML 1. (N33, I51) E4EPNG4s

EUUIVALERCE {FF(1)yMEL ) (FFI34L},MAC), (FFT&SL1), IWGI (AFF{T5L),00), F4EPNOGT

1(FF(TH1I.ﬁl.(FF(lﬁlT)qB).EFF{I4H1}‘C],IFF|1R97I.NSEY);(FF(]SQT}, E4EPNDGR
ZMSET )4 {FF{149T)+W} F&fPNOL G
DIMEMSION MELE{25)Y,MELE (200} E4ERNOSO
EQUIVALENCE (A MELE}s|8{26)1,MELEY E4AEPNGEL
ORDER THE NADES IM NSET AS INCHEASING F4EPNOS2
KE=NE F4EFNOS3
00 1O I=]4NR F4FPHNOSE
HIN=NSET{I} FGEPNASE
R0 5 J=I.NB F4FEPNORE
IF IMIN-NSETIJIY 94%.H F4FEPNOST
NSET (1 )=NSETIJ} E4EPNOGR
NSET{JI=HIN F4EPNOSE
HIN=NSET{1} F4EPNOGD
CONT INUE £4FPNNAL
CONT LNUE FAEPMOGZ
LIS FLEMENTS MEETING AT EACH NODE OF NSET 1N MELE F4EPRDAS
KK=1CN E&EPND b
HiN=0 E4EPNDAY

22
21

Fe)
2u
2n

251
203

222

254
0

24l

42
31
&3

3

1z
33

34
3n

DO 20 I=1,KN8
K=NSETII)-kK

IF 1K1 12:20.19
K=r=1
IF Kl
K=K
Dy 22 J=1.K

RACKSPACE IT4S

CONMTEMUE

G 10 24

DD 23 J=1.K

READ TAPE I1AS

CONTINUE

READ TAEE FTAS.KK NN, IMELF{J).dal NN
IF NN} 20,20,2R

IF (MINY 252,251,252

DO 253 J=1.NN

KELE(JI=HMELE L)

NHN=NN

191,24, 21

DO 254% A=, KN

D0 255 L=14NRN

IF INELEIL}-MELF 1))
CONTINUE

NNR = MR+ L
MELE{HNMN}=MELEF{.J)
CUNTINUE

CHONTINUE
NEIGHBORING ELMIS ARE {N NELF,
K=[CN-KE

IF (K1 29L.30,31

K=K

RO &2 J=14K

BACKSPACE 1T7aS

CONTINUE

GO 10 30

DO &3 Jd=1,K

READ TAPE 1T4S

CONTINUE

UPDATE N8 AND HEERT

00 3 1=1,HNNN

KR=NELEt1}

JLI= Y +KK

Mh=14tJ111710D

K= 1AtJ1TI-100%8KNN

IF CIMET~K1 3432.23

GB 70 [3,3:3.3,3,3,3¢3,3,3,33,36,33,34,3.3,347) NN

Zh% 4 254,255

THE LHUMT 1S NNK. REPDSITION 1TAS

JIT=J34KK

0D 36 Js],IMs

RENENMREN NG

Ksiatu11]

SEE 1F NODE M |5 ALREADY Im WSET
LD 37 L=1.NB

TF INSETIL}-K)} 37436,37

CONTTINUE

THIS IS & NEW NODE. UPNATE MH AMD MSET
ME=NA+1

NEETINA) 2K

CONTINUE

CONTIMIE

NOWk GL) HDOME

RETLRN

[}

FAEPNOLE
E4EPNOAT
E4EPHOGB
E&EPANGS
E4EPNOTO
E4FFNDTI
E4EPNQ T2
F4EPNOTA
E4tPNOT4
EGEPNOTS
E4EPNDT S
E&FPNOTT
FaEPANTE
F4FPNOTS
EAEFNOAD
E4EPHOAL
E4EPNDAZ
E4EPNOR3
FLEPNOBSG
EQEPNDBS
EGEPNORS
FAEPNDAT
E&EPNDAR
ESEPNNAY
F4EPNOIN
EGEPHDG]
E4EPNGG2
EGEPNNY3
E4EPNGY%
E&FPNOOS
FAERPNDG &
F4REPNORT
F4FPRAGA
EAEPNOTY
E4EPNIOD
E4EPN101
£4EPNI02
E4EPHI03
FGERNTNY
E4EPNIOS
E&EPNING
EAEPNIOT
E4EPNIDE
EAEPNIOR
E4EPNI1D
E&EPNITL
F4EPNL12
E4EPNITY
EAEPNIL4
F4EPNLLS
F4EPNILSG
F4EPNILT
E4EPNTLB
E4EPMILY
EGEPNT20
E4EPN12]
E4EPN1Z2
F4ERPNIZ3
E4EPN1Z4
E4ERNI25
F4EPNIZS
E4EPNIL2T
E4EPN1ZE
E4EPN129
E4EPN]130
R4EPN13]
E4EPN]32
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Table VII-63. Source program listing of
subroutine FINDQ (Link 4)

= LABEL
CE4FND E4FNOGON
SUBRDUTLNE FLINDO(K,Q} FAFNONOY
C BBTAINS DEFLECTIONS OF & NODE TN OVERSLL COORDINATES E4FNGNODZ
[ T GENEAATE THE DEFLECTIONS OF NODE K ONM VELTOR & EaFNGO03
OIMENSIUN 18113 .AA(L1,5{1},N{B1D?11211,D33(3.3),E2217.3} E4FNQON4
ToPIRAY UV (24] XIRT YIBIZ1H N X0IT I ¥RITI 20T I.GLIL) F4ENDODS
COMMON T4, 62 FaFaunos
EQUTVALENCE L 1A, A&F, (DAL, 0321, (D2L(101.E2211D211191,E],LH2LI201,GIFLFNDDNY
SOUIVALENCE (1a{L)o IN), (FAIZV . I8NI i 1AC3] ITI(1AC&1 1P}, 11ALS), F4ENQODE
1IPRSY 4 L1ALE)  ITYPET . (FRLT I, IMAI o IALBE, IDEGT CEACS] INXD L CTATLON, EGFNDO0S
UMY e 1A1L1) ¢ I8 e (TALL2Y pTMME) ¢ CTATL3)IMPY I (TALLG), TMMZ I (IAL15}E4FNEDIO
AIMFL g ITA[LA) 4 TARE N CIRILTI NITI o LATRE N M) TRL2E], TTYI4 [IAIZT) F4FNI0L]
AISTR), (180281 TELTI ¢4 1AC29). ITEM] (TA(30]+ITICT LIAIBY] L IMET], F&FNOD12
SUIAE32), ISUMY,CTA(AT L IND 1. (IA134],IMS) . IHATSET.1050.11A13T), FAFNDOLS
SI0ADI  LLATAB), TORDT Y, ETAE39) GACEL Yo (IAIS0) 110 [AL511,02), F4FNOGY 4
TULRI52) 4033y CIAIS3] g6l {1A(B4} 05 L1ALG5)J8), (IAISAIITY, LIRISIFAENAOLS
R, JR}a{TALSBT,dTY1p(1A159F,TRBY, (IAIBD1 IR0 (I8{ELY, TTDY¢f IAL&2) ELFNOOTA
GETAL (TATE3] IOT1 (140841 IRY ), I TAIES] 1 IEYLTALALY, 1TAR) E4FNDOTT
EQUIVALENCE [1A{6G . ICART U 1AIBT«ICINIL(1A(SR],JCEVIITALOS], F4FNO01 8
TICIZY 8 CIATTON G TCFEY A LEAITL) o TXN) L LTALT2Y 1YY Ea CLALTID-1ET ), E4FNON) 2
ZUIAL &, I1E]  IIRLTS N IDEF Y, TACTa) ISTI CIALTTI 1S E4FNONZD
3. LIAUTR) L 1GEM) . (14T}, IERRI 4 (AA{BC) . TE), (ARIRL],DTI, (AACHZ].DG] . E4FNONZY
ALBATAS) ALY, LAAIAG] JAL2Y i ARCRG) AL N, (RAIEA]. D211, IAALIOT],FY,  E4FNOO22
S{AAILALE UN Yo (AATL55) XY o [AALLE3Y Y1 (AR(LTI) 212 {AMCITII KD E4FNARR3
E{AA{LBE) (YD), (RA1193), 201 {AA{391 1,50, [ARI4D]),ZHEM] Eo-ND0Z S
Ty lAA{62]) INPY,{AATG3}, |PRR), [AATSG) IVEN) - {RA145) (CONS) . LAAt 46 ) TUELFNBORS
Bl IARIRTYLGLY, (AA(48),52].LARTA4).62) FOeFMON2E
EQUEVALENCE [TA1349) NTICT f14{348) I5DTY . LIA3aT ), LENY} I T£(366) F4AFNOOPT
VL ISO2 1 ETAIRAS ), J9) {TAI264), 1014 $IAIDE3) PRSI LTALZA2) . J80V) FHFNQNZA
Zo(TAT3AT 1, SD? 1 (EAT 300} JARE) L [1A{A3S) dMMX Y5 TTAT 3B, JMMY ) E4FNOOZ9
3, (TAT33T),JMMZ ) (TAIA3AYUMFI1 L HA1335),1745) .0 1413243,102] E4FND020
&, (1AL333), 16R), (BA(332),06Y ), (ARI3311.0G41, (441330}, PRES) FLFNQOAL
Syl LACE29), IRIR) F4FENDD37
DIMENSINN BIRIAYSIHI3)«DINII 3N, SHEHYANTIILXFIR1.0NI8),0F L6}, E4FNQO33
IRESIS] (REMIAYBASEE)« [LLASTS ), HBANILOT, NUTI ) NESTS) FafNOG3s
EQUTVALENCE [BALPDO}, [ONEY . [AA{20L ) [CHI [AALZAZY (LMY, IRAI DA} ASTRAFNNDAS
Ty tARI206), INBONY, LART205 1 ARF) 4 LARLZ06)  ICLAY, [AR(20T]EMELI, EL4FNO036
ZIAAL2GR ), IM), EAAL20%)  1CT {AACPIO}, ICHN) - 1AAL2LL) (ANGLE ) L {RA(212), FLFNODET
AICAST I AAIAL3 )N, TES ((RAIZ14) HAY TARIDLIET MBI FaFNI03H
Gy {RA121G) PRI, RALZITY BST) EAFRGNI9
EQUIVALENCE §AATZZ0)BIR) . (AAIZ231,SIRY, 1ARIZ2A1DINE . AR1235),5RIEAFNODAD
T (RAL241 1 AHT, (AR I2a8] XF), LAA[24T 1 AN, (AAI P53 0F), (241259 RFS)EAFNODAL
2 (ARL265 1, REDN, {ALIZTI1 BAS . (AAL2TA) LLLAST (AMIRTR)JHAAN] F4FRA042
By LAAIASZ 1 NI . LARIZ95) (NFS) E4FNQOS3
DIMENSION NEL{Z0.2T}.MAC[S, %, 200 IWGIG01DDIE.a)-0190.T71.RIB,8), E4FNR0GA
TCCB.2YFELL L NSFTILOD) JMEFT 100 W 13,21 EAFNDNAS
EQUIVALENGE TAAL1A000T (FF I, {MUTE] JPL) S ENIHTZ] oML CNUE3),J8T) FuFNOO&E
EQUIVALENGE [FF{10«NEL I, (FFU3aT11+MACK, (FF 5611 IHGILEFFIT511.00), EAFNODAT
TUEFITAT LAY, TEF (15171, BY 4 (FF{LaRL)-C}-{FFI14QT}HNSFTI4(FFIL597).  E&FAQOAR
FMSET) - {FF{1697),H) E&FNOQS9
DIMEMSLOR DI F&FNODSI
TBEF1=1NEF+|K- J81DEG FOFNIUSL
Do 18 I=1-IDEG F4FNODS 2
IDEF1= IREFT+] F&FNUNG3
QLli=aaINEF? E4FHONS4
14 CNNT [NUE E4fNugss
RCTURN E4FHODG &
END FaFNURST
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Table VII-64. Source program listing of
subroutine FINDX (Link 4)

LAREL

CEaFNX E4FNXGO0
SUBROUTINE FINDXIK,.O} E4FNXNOGL
ORTAINS OVERALL CODBDIMATLS [F & NDRE E4FNXONZ
TN GENMERATE THE CONRODINATES DF WODE £ DN VELTNA Q EaFNANG3
DIMENSION TAILI,AALLIAS(11-NIAY,N2HI211,03313,2).E2213,3} FeFNXGDG
LePU26] UYI24)  XEH G TIB) ZE8) . X0(TY,¥DI7 1 Z00TY-GLLE! Fa&FNENOS
COMMOR TA.28 E&FNXODA

EHUIVALENCE[IA.Ah?a1”?1-03337ED21llOI.EZZJaIU?l|l?)-EI-(D?l(Zﬂ)|G)EhFNHDOT
FUUIVALENCE ATACL) TN ot IAC2Y o WBNY LIRI3 DI TE (TALAN TP aCTALS),  F4FNXOOA
lTPRS)l(IA(bl'ITYPEI.(]A(T).lMAII|llﬂldl-lﬂFG!leAiqlqlNXI|(IA(lU}~EﬂFNX005
Z]K}‘llhlllI|IB)v(IAllZ)-|MNK),IIﬂl13I-IMMYI‘Ilﬂt]ﬂ)‘IMME).ITA([SI.E“FNXO]O
3]”51);(|A(16).IARF);(IA(]T)—Nlllly(IA(?ﬁlvMJyEIAth]-IlvlvtlA{Z?)qFﬂFNXOll

G1STRY<LIACZBIIFLT) L IAL29) ITEM)  LEALIOIITICHS ITALAL)LTHET ), FaFmEn1 2
SIEACAZN  LSUMI, ITAI33 ), INE) 4 TAL34) . IMS)  (TALBAT TNS), (IAI3TE, FarNxOr3
BIORDI ETAL381, JORGLY (TA(A9) 4 ACEL S 11A{SOT, JLN ITAIST1.J71, FaFNyn] &

FILAISZ) 31, 4140530, 063, 1TAI541 350 (1a{65] JaielTAISE) 3T, (IALGTEAFNRDTS
B e dBhy LIAISR]  JTY ) (TACSS ), [AR), (1AL OU) y IBON LIACE2 ), [IN) I FAISZ) E4TNXOLS

GEIAY, LTALGI), IDTY iRt DYt 1ATGS) ITE (1A 142 4 1TAPI E4FNXRLT
EQUIVALEMCE (TA(SHE), ICAR) I TATATILICIX ). tTALARNLICIY] ITALET), F4FRENLE
TG (IR0 - BEFTN (TATY ) XN LEALF2Y L IYY b L ERET2N 1220, E4FNXN19
ZOIALTGY 4 11IC ) (TAITS] TDEF ), (T&LTA}ISTH, 0TA[YT)a1IS) FLFNANZO

J,LIALTE) IGEM) . [ TALT9)  TERRY, [ALI8D] LTI} s (AALRL)-0T), (A&18E) D6}, EAFNXDZ]
GUAAIBII 4 ALL N+ (RAIEG] AL2},{ABIAS)  ALI} . {AR(RAILNP L1 EAACLIOT]P),  FUFNROZZ
BUAACIILI UV] (4 AATLSS] 2 K) TARILE3 oY1 (AB(RP1 1,20, 1AAL1TII X0, E4FNXN23
BUANTLIAE T YO, (AAILST) 42N LAALISY ST (AATLOY L IGFM] Fabhy0Z e
FalAB14Z ) INP Y, (AAT42)  TPRG} s (AAL&L)  IPENY (AATSS ] CONS Y1 RA1SG] . TULAFNXORS
B plAALIATT 1) A (A8I6A}.G2 1. ARLAR],G3] ELENXN2 6
EQUIVALENCE (TA4(349) NTICE,{1A{I4B] 1501 1 LLATELT)ISDY](La{34R) E4FNXORT
Vo l5N27 e L1AE345), 09, {TACRGA T}, JLON, (TALBG I, 0PASE, L1 A{242) , JSDY) F4FNXO28
ZalTRIALLY USDET CTAL3G0 ) o JARE Yo (TR0 ] JMMN ] (EACIAAY, IMMY ] E4FNED25
3L (TALAAT) ¢ JMMZ 1 I TAIB3A T, MF T E TATAZE )L ITAS) . (TAI234).1DT) F&FNXN30
4, (TR(3I33),1PA1 (RATITA) A LGY 1 ARM{ 331 DG ]« {AA(330),PRES] FaFNED 3]
5.0141329),1PIR] E4FNXO32
DIMENSTON BIR{A},S1R{IIDINIZ A aSRIAIVHNIZNXF{3)OH{6)OF (6], FAFNXO33
IRES16}RED{R),BASI2}, ICLASI4] NBANLIQY,HU{3) .NESL 2} EAFNXNAA
FOUIVALENGE (AALZ00). I0NE} (88 (2010, EENT, LAALZDZ] LM (IARIZ03) (AETESFNXD3S
11+ [AATZ04 1, THRONT {AAI205) ARE b2 (AL1Z0A] 4 ICLAT, (AACZATI I IMIL Y, FaFnxN3s
ZIAALZOR) A (M) (ABE209) 10, (AAL210) TCON) (RACZIT) L ANGLE 1o IARIALZ] E4FNXO3T
BICASI LAALZI31 TE}fAMIZI&YNEN {AAIF1E)-MB) FarNXDi8
4y (AAT216Y, TROTH, IAATPITILRSTY E4FNXN35
EQUIVALENCE {AA(2201,B1R1 (ANI2P3).5101CAATZ2 1 0IN]  {AA(Z35), SRIFAFNXDLD
TV CARTZAL N XNY, (AA(Z46) ,XF Y, (GA(ZET},ON), IARI253] (OF 1, [AAIRST) (RFSIFLFNXD4]
2y CAAIZAS L RN TAAI2TL I BAS T CAM(2TA) L ICLAS ), (AR (2TR) JNHAN] F&FNEQad
A {AATZG2 L NUI+(RAL2ZY5 ), NEST [ EGEE]
CIMENSION HEL 1205 171 MAL (4. &, 0 o IWGIY0 )OI 6e8 ) A{90,TF,RIE,R}, FAFNNNAL
1CE8, 21, FFILI,NSETOINO},MEET(ID0Y (Wi, 3] EGFHXOLS
EQUIVALENCE £AA{14000),FF}. (KULTI JRE 1 tAUI2 10 dME s INUE3) 4 d51) EaFNEDAab
EQUIVALENCE (FF{1).MEL), (FF{34L},MAL] {FF(AG1),IHG] (FFETOLI LNy E4FMXDGT
TUFFITBT YA o [FFI34L Tl B (FFILGAL) (L iFFILAOTILHNEET)IFF{I59Ty FAFNEO4E

ZMSETIpIFFILIAYT), W) FaFMXN&g
DIMENSION @{3) EaFMaNsd
IAXT=T1XK+K EaFNKOGT
IYYT=1YY+E FAFNXOSZ
T2ZT1=122+K FafMXNE3
QiLY=AATIREYD E4FNIO54A
QUL2r=aa1vyn) E#FREQSS
QI3reAp{12E 1 I*2GEM FLIRXO5A
HETURK FaFNEDST
END FLFENXOSA

147



Table VII-65. Source progrom listing of subroutine GENE (Link 4)

* LaBEL 13
CE4GEN £4GENGON
SUBROUTINE GENE FoLnfNnn] 1>
[ GENERATES NEL AND MAL MATRICKS 0IF A NODE FaGENDO2
C TU GENMERATE MFLIT.0} MACI I Jak) . THEL 4ND ICLAS{(I] E4GENON3 15
DIMENSION TACLIVARILY S¢1}.N(81,N2L021),D3303,31E22(3.31 F&GENODG &
LaPU2a ) I IRET LAY YIB] LIRY(XDETIYDUTI IR0 12 GILT ] £« GENDNS
COMMON TA, R4 E4GENGNS
EQUIVALENCE(14,44),1DR1, N33, IDZICL01.E22),(02L{19),E), IN2LIZ0] . Gl1F4GENODT
EQUIVALEMCE (TALLY INY (1AC21 2 IRNY,(TACIN, TT)  {1A{G]IP}, (TRLS), E&GENOOS
LIPRE) +LIA(A N ITYPEN L (TAITI THAT I LTALANIDEG) L (I3, INX) I TAL10),FAGENORY
ZIMIpC1ALL1 VT8I UTAILZY - IMMX 10133 IMPY ) (IALLA&N IMMZ ) L TAC15) 4 FGRENDLD
FIMFLY o LTATLE)TARE Ly CEACLTIGNIL I LTALZ5 .M e (IALRB) ITY) . 1HA12T),FAGENDTL
GUSTHY 5 IIRI2BICIELTYLIALZI o ITEM)CEIRAIZ0 1 ITIC A ITAL311aIMETI, F4GENDL 2
SOIAAZ )y ISUMECE PACARTE] « INDT W A TAI SR IMS ) (TAUBAT NS, [TA(3T), E4GENDLS T
GIDHDY A ATAI3AYLINRDLY, [TA{39),ACFL 1, (TAISO) A1), ITAIB1N,02), F&GEMOLY
TUIAISZY 4 d3) 2 (TATS ), 040 (TA(5G] . D5) . (TAIS5),J61, [TALRL] . JT) {FA{STESGENDLS
BYyd3a LLRISBIJTY ) ITATSTIIBB I LIA(B01IBON ITAIGLITIDI(1ALA2],FLGENDT &
SUIA L IACASI IDTI el TALAS o IDTI L TALSS ]I TET (L IAL&LE, 1TAF) E4GENALT
EQUINALENCE (TAL&SIyICARN ) LIATATI - ICEA] ¢ IMEARY, ICITI A IIALED) FLGENDLR 1
PICHZ) 4 ETACTOR BCFD N, ATALTL), TXX bW VAL Z20 4 TYY) 4 I TALTA),IZZ), E4GENDLY
2OI4174), T1CH, (TAITFE) LIRFFIL01A{TR)  IET) 4 [A(TT}. 1180 E4GENDAG TL
SeCIAITBY S IGEM}, (TACTI) L IERRY, {ARTAG) L, TEN ({&A(RYI}ADTY, (AAIREL}.NG]. E4GENGR2] T2
GUARLAZY ALL)  (BA[841,8L2), 1AKIE5]1,6L3) 1AAIRG1, 0212, IARIL0TIF).  F4GENDPZ 70
SUAREIZL UV e LAACISS] ¢ X1 o lAAILO3 .Y u IAREITIIEl, (ARLLFG, X0, E4GEND?I
BIAAIIEE] YOI, IARTL93) 4200 s IBALISL) oS EANEA0Y 4 FGFM) EAGENNPA
TolAALAZ T ENPY LAALAT ] IPRG), (ALI44], TPENY ( (AACAR) L CONS], L2846, [UFGGENDES Zl0
Bl fad{4i),GL) . (ARI4B],52),144043),G3) E4GENO2E
FQUIVALENCE [ JA{389),NTIC), (TAC(I40] TSOTY, (TAC34T7 ), TSOY ), (12(346]) FaGENN2T
ToISDIY L LPAT24AG),09), LEA1344),J10), (18343}, JPRS) . (1A{262).050Y} FaGEND2E
2y (TREI4L ) JSDLL, (JAE3A0 ). JARF Y2 I TAL330) < JMMX], ( [AL32BY  AMMY I E4GENDZ29 210
BelIAl3BT) JMME} « LTA{330] 2 dMFIN L TATE25 ), ITASY.11A1334),107) FaGENGAN
Gy (TAL333), IPRIEAAT 321 06Y 1, (AATATT I, D621, [AA(AIC], PRES) E4GENO31 214
Sy (IA137YI,17IR) FaGENNIZ 21a
DIMENSTOR BIRIAL.SIRIT}LOINIT, B3] SRIGILENI3),XF[2}.0N806).0F 16},  FeGENO33
IRESLE) 4RFDIA)NAS(3), TCLAS14) ,WBAN{L10} (NUL 3T .NES(3) F4GEND4
EQUIVALENCE (A&(200), [OME}, {AACZ0E) (TCNY-LARIZOP) 4 LMY, (ARI2D3) A5 TFAGENGIS 212
THe fARI204) , INBOKY , (&1 Z0R)} (ARE ]~ [AAT2060  TCLANCTARTZDT) 4 IMELY C4GEND3A
PLARTZOR] (IMY o tAMLZOS N, ICT o IAM ZIO 1, ICINY 4 LAATZ11 1 4ANGLE] L (ABLF12) ,E4GENRET
AICAST. (AACZLIN TE e tAAT 2141 NBY CAATRIS) MR FaGEND3A
%  LARLZL61, IBDT) T AA(217 1,015 T] EGRENNZT 220
FOUTVALEMCE (24(2203,AIR} . 1AAT2231SIRIIARIZ2&)0INIIAALZTES5) 1 5RIEBAGERDAD 221
1o lBR{241) XM, (AN L2441 XF )y (AMI24T) QNI fARTZ1,OF 1 LAA(250) ,RESIELGENDS]
2, (8812651 RED)ARTZTLY BAST S tART2761, 1CLAS] (AA(2TA) NBAN I E4GEND G2 223
3 LARIZS21 NI LARY PSS ] NES) F4BENDGS 224
DIMEMSLOUN MELI20,1T) ,MAC 14,464,200, IWGI90), 0006, 61,8190, 71 Bike8), E&RFNOGH
LCUBe 210 PRI NERT{IGO ), MEET L1001, W3, 3) FAGENDAS
EQUIVALENCE (RA(LA0001 «FF)oIMUELI dP i1y tNUTZ)adB] ) (INHL3Y, J51} E4CENDSG 72z
EQUIVALENCE (FFELYMEL T, (FF (3410 MAL] ¢ [FF{AAL] THG), IFFITSL],00), E4GENOAT
LUFFITBT oA (FFIL&4IT} By tFRITGALY (L, (FFIL487),NSET),IFFIL6497}, EGGENNSGE
ZHSET) g LFFEIAYT ), W) FAGENDSLS
DIMEMS ILI NELM[Z0),NELCI?O) FAGENNSD
EQUIVALENGE IMEET,NELMI, (MRETL{Z1),NELL) FA4GFRORL 231
LM=LM FLGENDSZ 232
00 1 I=1.LM FaGFNDS S
M=NFLII,11L ELGENDSL
caLL ioKa FaGENDSS
KELT=IELT E4GENDSE 234
GO 70 ILaTalyio3ea,B0bh,%,003,4,3,5,3.6,2,21.KEL1 FAGFNOST 23n
3 TM5=3 E4GRENOGE
GO TR & FaGENDSS
N TMS=4 F4BENDAR 233
Gn Tn & F&GENDAL
f [M5=3 FAGENDAZ 23
GO TQ 5 E4GFNDES 22
H IMS=? FaRENDGA
5 GIOTO 030101 vla10elbob2002016, 00, 0R18,17,17,13.13.15,16)KFLT E4GENOAS 21
1 Ic=1 F&GFNGAG
G0 TO 6 E4GEND6T
12 1¢=2 £ «GENOGH At
60 10 & EAGFNO AT
14 IL=4 FLRENNTO
GO TN & FAGENNTL 82
1g 1o=4 E4GFNNT 2
GO TO & FanFNRT 83
1 1E=7 E4GENOT G S0
GO TH & FaGENOTS
s oas
Table VII-66. Source program listing of
® LABEL
CE« bR E4INROOO
SUBROUTINE IWER(CIR) B4 INROG]
c ORTAINS & VECTOR HEADING TOWARDS THE STRUCTURE AT A ROUMDARY MDDt F4TMRODZ
C 10 GENERATE 4 VFCIUK HEADING INTO THE STRUCTHRE ON CFR{IN E4INRONY
DIMENSTON [A(LI+ARLL)ST1),NT8).0210711,03313.3),E2212,31 E4INRODY
TaPIR241 UNEZAT XEA I Y (BT ZIB) 4DIT),¥DLT) 20T, G111 E4INAOOS
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COMMOM TR, AR E4InNRONA
EQUIVALENCE[TA,A4),1021,D32) 4 (D2L{10).F22) (0211151 4F},(D71120).G1E4 INRDOT
EOUIVALENCE (TALN) e INYy ITAF 2}, IBNI, (LAI3I o ITI o fTALEY IR}, (IA[S}, F&INRODS
LIPRS ) ITAL&N ITYPE N UTALTI EMATY, (LATRI IDEGY I TRAISY . INXY, [1A110},E4INRGOG
?lH)a|[ﬂ(l])vlsiyE|A(|2|;IMMX}vilﬂ!ld)‘IMMYJyIlﬂllﬁl.iHMZ]‘(]AIISI.EQINRDID
3[MF]),IIAIlb).!ARE1-|TﬂllT)yNIlIl|(]A(Eﬁ)v”l,(lﬁ(Z&)‘ITY!.(IA(??!,EAIMROI]

r‘ISTR),(H\IZEI,lEt_T}-IIM;-F‘?P.ITE"‘).lInIBUl.l'lll'.l-(IA(le.lMETi, EcinNinl 2
FOIATBZ1 ISUM), (TALZ30 4 INI) A TALRG] L IME ), (IRI36]TAS), ITA(3T) . F4IMROL3
GL0RNG ) LER(3B)TORDL Y C1AL39 (ALEL 1o (TAISD) 1) [TALSI 0,020, F4 MRS

TOTRISZ1 v 2 s LTALS3}adq 0,0 [AISG] U512 0186502060, (1AT561. 070, (1A1STES THROLS
Bh Ul 1, ITRISBY, JFY S ITAISTI (TP, (1R1601, TARY s EEALAL)  FINY, I1AT62).FaTNRAL
GLIAY, (1ACO30aT0V 1 IA(BA) - TUY I, ITAIAST,TTES, (IA(411, ETAR)

N E4INROYT
FOUIVALENCE (TAL68), ICARYUAAIGT)  TCIX) CIATHE) « 1ETY),{ JA{BT], G4 IMROYA
lICIZ)y{IAITOInICFI}vlI!ET)I.IXXI,EIA(TEJ-IYYI-(IA{T3)|[ZZ], R4INROLY
EIlh{?hl.{ECI.IIAITSI-IU'FI,(IA[TS],ISTI‘IIAI??llI]S} E4INROZD

30 LIAL/RYLIGEMY i TaI a1

Bl AL GG Ty iA6{AL1. 0T e 1ABLB2 1,06}, E4INRARL

4|ﬂﬂ(33lnﬂLllnlﬂﬁlﬁﬂlvALZ)vIAIIESI.ALSI'tAB{BbJ.Dzll.(AA![DTI.P!. E4lNROZ2
5IAA(131lvUVJ—IhAllﬁSl.Xlo(nﬂllbal,Y).(AA{IT!J.EJ‘(AA(]TQ);!DI. FalMAN? 2
blhhfleblyYDl-IAA{IQZIpZU)qEDAE351l-Sly(ﬁﬂ(kD).lGEMl E4TNRGRG

?;IAA[«;}.ENP),tAnEGBI‘IPBGJ,[Aﬁl¢4).IPEN)-IAAIAEI.CDNEJ.(nniéﬁJyIUEﬂlNROZS
VARt 61 1 ARG G21, [ANIGS),63) FEINRO2G
EQUIVALENCE (Tﬂl349)aNT§C),(lA(3ﬁ8).ISDTJvIIAIBQT)-ISDYI|(IA(345) E4INRDA?

LvlSDll,{lﬂl345l.J9)¢{lb{3¢bl.JlD);Ilﬂl!kB)—JPRSI.lIA(ELEI.JSDY) FLINROZE
7v|lA(3ﬁl)vJSDZlvllhlﬁﬁﬂ}vJﬂREJ.EIA(339||JHMX}‘IiAlSKﬂJ»JMNY] E&INRN2S
3‘IIA{337)-JMMZI-(]A(336l.JMFIlyllﬁl335)q|TA51|(IA(334].IDZ) E4LTNROBD

FaGFNOTs
E4GENG 7T
E4GENDTR
FanENnTY
F4GENDRD
EsnENpR]
FatFNOB2
F4GENDRS
NELUI,5)=1Ms FAGENNRY
NELITs63=E100 E4GENDRS
HELLL4Fl= G807 F4GENORY
NELI1.B}=JPRS F4GENDRT
MNEL[[.2]=1TEHN E&RENMORA
DO T J=l,IM3 CAGENDAG
NEL{ 1y d+93=NiL] ELGENDGY
iM5=0 E4GENDG]
J502=0 E4GENAY2
1TIC=0 E&GRER0Y3
=0 E&GENO92
CONT INUE FLGENOGS
TF CIRP=2) TO471,71 E4GENOSR
WRITE OUTPUT TAPE 6472, IGN LMy L{INEL{ Ty JEad=l el ¥helsl, LM} ELGENNGT
FURMAT {15,15%, 1EHNEL MATRIX FOLLOWS. [20/(20K,1715)) E«GENNYR
TMEL=L E&GFNOTY
00 210 I=1,LM FaGEMING
NELC I P=NEL (1,4} E&GENLN]
NELMIIT=NEL1].3} E4GENINZ
LMI=D E4GENIOY
DO 21 I=1l.LM FaGENTDS
PP O(NELMIL I 21,471,211 FeGENLOS
LMT=Lr1 41 FAGENING
1F (LWT-&} 212,212,213 FLGENINT
KRITE OUTPLT TAPE 6,214.ICN EaGEM1AA
FORMAT (I6.253,41HMDAE THAN & MATERIALS, FIRST % CONSIDERFO) E&LENTO9
LET=LMT-1 E4GENLLID
GO TO 21 F4GFNIT |
IRET=NELMIT ] FAGANL]Z
LLL=0 E4RENITI
00 22 S=l.lm E4GENLLY
PP OCIMET-NELM{JdY) 22,220,22 E4GENLIS
TF (MELCIJI} 22.22.221 E&GFNLLE
LEL=LCL+] C4GFHLLY
IF (LCL=5a} 227,222,223 EGRENILE
WRITE (IUTPUT TAPE f.224,1CN.IMET FaGENLIY
FUOHMAT {215,10K.29HM0RE THAN & CLASSES. FIRST 4 CONSIDERED) E4GEN] 20
LoL=LCL-1 FAREN]?Y
60 70 22 EGGFN] 22
TCLA=NELLIJ} EaGEN]23
L=1 FUGEMLZ4
MACULMTLLCL, L= FAGEML2Y
DO 23 Krdo LM E4GENL 28
IF (IMET-NELMiK)) 23,271,23 E4GENLZT
IF (ICLA-NELC{K}Y 23,232,23 E4GENL?3
NELMUK)=0 E4GENIZY
NELGIK)=0 £4GENLI0
L=+l EAGENTZL
IF 1L=-20) 233,232,224 FahER) 32
WRITE OUTPUT 1APE 6,235, TGN, IMET,.ICLe E4GENT33
FORMAT (3]5,5K,22HMDRE THAN 18 FIFMENTS, FIRST 19 CONSIDFRFD] ELGENT 34
Lat~g EGGENT3S
G0 T022 F4GENL 36
MACILMT LCL LI =K E4GEN] 37
MACILMTLCL .1} =MACILATLCL 42141 FAGERL 38
CONTIRUE FORENY 3T
CONT LNUE F4GENT 40
ICLAS(LMT)=LCL E4GERLGL
CONTIMUE FaGEM] 42
IMEL=1MT FAGRR143
IF 1INP-21 S0.B3.81 E4GENI 24
DB 83 1=l.Lm] FARENT4S
ILir=1CLAS L) E4GEMNT4h
WRITF DUTPUT TAFE 6,82 1CNs 1+ {J (MACIT (dsRIeK=1,200,0=0,1GLA} ReGEN]LST
FURMATL{IS, 15X, 36HMAL MATRICE(S: FULLMIWIS)I. MAT,SEOD,.=13/ E4GFN148
1{17%,13,2015}) F&GENLAR
CEONTINUE E4GFMT S0
RETURM E4GENL51
END FGGEN] 52
. .
subroutine INER (Link 4)
Ge{TAL3IB1,1PRY, IAALI32), 00V}, (AT 33L] \DRZY4[AAT3I0), PRES) E&INRO31
511413291, 1PIR) F4INRO22Z
UIMENSTOM BIR{3],SIR(3),DIMI2,3) SRS AN(3 ) KF{3).0Nl61.0FAl, E4]NRO%3
1RESI&) RED(6]BASt3Y, JEY ASL4 )y NBAN{FO) L NUT 3] «NEST 51 F& IMRNI&

EQUIVALENCE tAA[200), [ONE 1. IAALZ0Y], 10N} {AALZGZ1, LM}, {ASE203),ASTELIHAOTS
L1, CAA{2041, [NACND L [AACZ05) (ARF) 4 LAALZ061TCLAY, 1AA1207] , IMEL) » F4TNRO26
ZLABIZOB) A IM}, (AB12009),5C),TAACZLOI ICON) 4 TAR{21L) ANGEF )+ LRAT P12} ECINRDZT
BICASYS (AAIZY3), TE}, (ARIZ16) MB) s LAAIZLS) (MB] £4 INRN3H
4y 1AA13216) . IRDT)S LAALALT ], AST} E4INROZT

EUUIVALENCE (AATRZZ01,BIRY, (2802231 .5SIR)4ANIP2A1(DINY L84 (235} SRIELINROGD
Lo (AAI2GLY 1 AN), I ARIL2GG , XF Y, [ART2AT 1 QN [AA{2533,0F ), (BAI256) RES)EGINRGA]

ZylARI2B9),RED) + LAAT2TL ), BAS) » LANCPTR]  TCLAS), (881278}, NEAN] E4INADG2
22 18A1292) 4 NUJ, [AA1295) 4 MES) B4 |HRO&3
DIMENSTON NELIZO LTI MACTS 4y 207, INGIO0 ), DN{A. 6] AL90.71 Bl R}, E&INADGH
1CHA-23.FFILY NSETULOON, MSET{100) Wi 2,30 F4 iNRDAS
EQUIVALENCE (AAT1400014FF) INDIL}SdP 11, (NUIZ1 dM1) 4 {NUT334dSL ) Fu i NRO®E

EQUIVALENCE (FFUL) NEL) - LFFI34L1,HALIEFFIGALI4 WG} 4FFLTOLE 0D, F4TNRGAT

LIFFLTT) 0 A)  IFF(L16LTIVBIIFFIIGALY C). (FF{L497) vNSET I+ (FFC1S9T),  E4|NROSE
ZMSET 14 (FF(LBGT],¥) E4INRO&Y
CIMENSION CIR{3) £4 [MRDSE
CIRI11=0. E4Tnunsl
CTRIZ1a0 E4INROSS
CIRt31=0. E4£INRGD
CORERETN T E4 [NRA 54
K=NSETIT) F&INRDY5
CALL FINDXIK,XF} F4[NROSE
CIRIIV=GIRTIN4XF(LI=XN{1) FarMROST
CIRIZN=CIRIZV+XF(2)=XN12) E4 THRDSA
LIRIII=CIRIFN+XFI3)-XN{3) F&INRO5D
RETURN F4IRROAD
EHD E4INROBY
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Table VI1-67. Source program listing of subroutine INLZ (Link 4)

CONTINUE

% LaBEL 1 EaInNi063
CE«INZ E4TNZODO COMPHTE AVERAGE THICKNFSS,TFME, TNCHEASF, TEME GRADIENT ESIMIOBY
SUBROUTINE INLZ FilMZonL TE=0, E4[NZDAS
INITIALIZES SCALARS, VECTORS AND MATRICES AT A NDE E4IN20D2 D=0, E4INZOGRE
TO INITIALIZE  ICONLANGLE,3AS UIN:H,IROT,B5T TERR,TE,NT.ORAND HESHLINZO0Y Dir=u. EGINIOLT
DIMENSIOR T&(l),88{1),5(11,NIAY,R211211.03313,3)-E2713.3} F4TRIN0A IM=1H E4INZOAR
TP ORAYUNIR4Y IR Y LB ZUB) XMUT YT 20071-01(1) FaINZDNS IC=1¢ E&INZO6D
COMMON 14,88 E4INZAOG TE=MAC( M, IC. 1141 E4INZNTD
FOUTVALENCE FTAARY, TD2ZL,D33) «(D2ZLI101F2Z21, (0210191 F) 2 iDZLI20) GIFEINZODT DOLD IL=2418 FalNZ0T1
EQUIVALEMCE ITAELI o IN) o (FAI2)TBN) {183}, 1T 1TAI4)4 P tINI5Y, EGINZOOR K=HMACIIMy i, 1L Ecinintz
TIPRS} o { [AT8] , LTYPE] ((2ACT), TMAT ) (L TAIHI L IDEG] I LA(T 1, INX} . {TA(10),ESINZODG KI=NELIX 81 Falmio?l
ZIHIC1AILLT, TRI, {TALTP Y (#MXT, (I8LLR], THMY) o I TRIL4 1, IMMETy(1ATT5) 4 F&IN2ZULO IF (6L} 11411417 EGIMIOTS
SIMF. Y. {1AL1AY TARET, {LACTIT) NILTI) T TATPS ) Mg LIAI26]1,1TY )  (F4{2T},E4INZOIL 12 &1=1TE+KIL FaINZNTS
GISTRILILALZAN, [ELTY o t1RL29), ITER)  (IATIDIITICI, CEATS11.IMETY, Ealnzel2 TE=TE+AA(KLY FLINZOTA
SITA(IZI,ISUMYs tEATI3 1. IND}, {18734, IHS], (1AL36)4 1081 LIAL3T). FAINZO13 11 KI=HFLIK.91 E&INZOT?
6IORD I, (1A1431, 10RDL 1, (FAC39),ACEL 1, ITAISON+JLIIIATST)4d2), EalnZi)é 1F (K1) 13413.14 EAINZIDTE
FUTAUSE] 3], (TA(S3] 4080, [1AT9&), J51 (TALSH1-dbd- ITE1561,J7) 4 LTALSTFAINZOIS 14 ®1=1DT#K1 F4INZOTY
B30, 1IAISE 1, JTY )L [A{BG ), IBBI [IA{AY TN LIALGL) - LID - {14162 ) EQlNIOLE DT=0T+aA(K1] ELTNIDRO
SITAY e [LAT6Y L IOTN, (IATSG} IAY), I TALASI,ITE) 4 [AA1 1 11AP) EaINZO1T 13 KI=MELIKeT1 F4INIOAL
EDUIVALENCE [1A166) 4 [CARI . (TAI1STI ICIXY ITAISRILLILIY I, (1AL65) . E4INZOLS TF (KJ) 10410415 EINZOR2
LICIZ), bEAIT0), ICFIY . IVALTLI IHK) (LTALT2). YY) {18LT3}. 0220, F4INZOT1G I K1=10Z+K1 E41N7OR3
ZOTATTAY, TEC) . ITS(T5)  IDEF ), CIATTEI L ISTI(L&17T1,TES) F&4TNZOZD DG=DG+AAIK1} E4TNIOR%
A {IACTAI L [GEM), (TA(TI), IEAR ), (AA(BOI.TEY . (ARLAL) DT}, {AA{AZ],NR}, E&INZINZL ¢ CANTINUE E41NZNAS
SUAAIB3) 4ALLY p LAAIB4)  BL2), (B&IRE]AL3), ARCAL) D211 TAATLOTL,P),  E4INZOZZ CC=1E~1 E4[NLINRE
SEARTIZLI UV Y5 [AATLSE}. X1, (AAT1a3 1Y), (AREITLI 2]y LRALITS XN, E&lNZ023 TE=TE/CT FalNTOR?
BIABCTBEY T (ARILF3) 200, (RAI3RLI S}, 1ARLA0 ) FGEM) EaINZOZE DG=DG/CL £41N2068
T lARLGZ ), INP Lo (AATA3] yIPBGT LAR(GE) - IAFN], (S4(45),CONS) 4 1AAT461 s TUFAINZOZE nT=NT/CC E4INZOAY
) (BAI4T],GL L (AA(4H] 4121 LAALSD)-G2) E4INZOZ8 DETERMINE NELCESSARY PARAMFIERS ACCORDING E4TNINSO
EQUIVALENCE 1TAT3491 WTIC)H. (IA1368).1S0T], (1413471, TENY}, (1AISG0) E4IN2O2T 1e0L=3 F4INZO9
Lo ISBZY 4 1AC345 1,091 L IAL344) J30), 118{3431,JPRE}, ITRILPH,ISNY)  F4INZOZA 1RIG=1 E4IMINGZ
Z UIA1341 1, JSNZ), ITAI34D) JARE ¢ { 1A(S39) 1 08HX]) 4 (18 1330) M) FeINZNZY 10R =0 E41NZON3
3, (FAI3ATH, JMHZT, (TA1336)  JHFT], ITAT325) +ITAS I LFA1334), 1P} E4INZO30 1CAS=ICAS E&TNZOT4
4, I TAIA33), 1PR) 4 LAALA221, 06V ), 1ARI3310,06Z) 4 LARI33D)PREST E4INZ031 GO TO {65,62465464455,6616F6H1 TLAS E4INZOSS
5, (14(329) 4 TPIRI Falnz022 62 10OR=1 EaTNIO%4
DIMCHSION BIR(3),SIR(31,DMMt3,30,5R{A1XNIII EFI3]ONIG),OF (B}, E4INZO32 GO TO 69 E41NZ09T
1RES (&) REDIG] ARASTIT) S ICLAS{G) (NBANILON NUI2}LNESID) F4lNI03G 64 1LOL=6 E4INZO9A
EGUIYALENCE (ARIZ00),IONE} (AATZOL)«ICHY, {AM202), L) (2AT2031,A5TEAINTO2S G Tu By F4INZD99
11e{AA{Z05), TNRON}, [AAL205) sARE, (AA(206), 1CLAL,{AA120T)ILIMEL ], F41N7038 &5 ILOL=y £4TNZ10D
FIARIZ0B] IM), (AA(208)1C) I AAI2TO)  INUNT LAATRZIL),ANGLE ), (AS1212) (E4TNIN3T GD TN &9 F41NZLOL
BICAS) 2 [ARIZ12) IR ) A AAIZ 14 ) NBI LRACZTO},MH) E41MZNI8 66 1GOL=1 E4INZLOZ
4, (AAI216)IROTI. (AAIZ17),05T) E4IN2039 IR1G=2 E4INZ103
EQUIVALENCE {AA12201,81A),{28¢223),51R],{AA({2206) DINI.LAALZ235) SHIELINIDGY GO T0 49 E4TNZLO%
Ty (AAI261) 4 XM o CAATRA%]  XF Y CANI207),0N) 4 (AAI253),QF )4 (B21259) RESITSINLOAT &k IRIG=2 E41NZ105
2 (AR(ZB5) 4 HEDY ; 1AAI2T1Y,BASTCAAL2T4), ICLAS), [ARI2TA] L NAEN) F4iNZInazZ C INITIA! LZE FHF UTHER CUNSTANTS EGINZLDG
2, (BAIZ9Z) oNUT < (AA{295),NES] E&INZR43 69 E4TNZ10T
DIMENSION MEL{Z0417) MAC (4,6, 20 o THGIOO) 2O0LA &) AIYUTI2BIB.8)r E&INIDGS EalMZ10d
GBI Z)FFIL MSETCIG0 I MSET{I00] W (3,30 E4IN2Z04S Faluging
EOUIVALENCE {AAT140001FF) , INUILYdP11 - {ME(E] ¢ dP1) . THUT3)IST) r4INZDAG C GENEHATE BAS VFCTUR FaINZLLO
EGUIVALENCE (FFIL),NEL)« tFF (3401, MACH AFFIBELI.THGI L IFFITSL) 4000 E4INLDGT TE=MACITH,1C,2) FelnZillL
TIFFITET oA (FFUIGLTI Bl FFEL48Y 0, CI IFFIL49T ) MSETI,IFFI159T), FalMIDay MK=NELfT1E,20) EalMZil2
ZMSETI+AFF 169710} EalhZDeq CALL FIMDXIK,X) FalNZ113
EOUIVALENCE (MES{1},1COLY, [NESI2Y,IRTGY, INESI2),1DR1 E4INZO50 %=NEL(LE.11} Fainzlle
C SET INDICATORS TO LOCAL¥OVERALL E4INZOS] CALL FINDX{K.¥) E4TNIILS
1ROT=0 EL1NEOS2 BAS(2)=YI1)=X{1} FaINZlLlE
B5T=TH n E4INZDS3 BAS{2)=¥I2)~X(2} FAINZLI1?
C GENERATE DIN AND W TRANSFORMATION MATRICES FOR LOCAL=AVERALL EeINZDS4 BASE3)=Y(2)=X(3} EaINZ1LE
nn ot I=1.3 E4INZ05Y £C=1. E4TNII1G
B0 | J=1.3 ELINZNSS CALL UNITIBRAS.LC) F4INZ120
IF (I1-J) 2427 E&TNZIOST IF {INP-2) 20.21.21 FaINZ1Z1
3 BIN{T,d)a1, €4 INZN5R 21 WRITF DUTPRIT TAPE 6+22,TERT,0C6,BAS()) . BASI2),AAGI3] EuINZ]22
Wil Ji=l. E4INZOSY 22 FORMAT 120X, SHTHICK«ZX 11 .4 3Ny 1 LHTEMPL INCRSE,PXoE1L .4, 3% 10HTERPESINZ] 23
6 TO 1 ELINIOAD 1.GRAL . +PX«ELL .40 2K AHRAS . 2K 3F 7L ) E4INZL12&
2 AIN(ILJ)=0, FaiNzonl 20 RETURN R4INZ <25
WIT,3=0, E41NZN6? END E4INZ: o5
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Table VII-68. Source pragram listing of

ine INV (Link 4
subroutine INV (Link 4) Table VI1-69. Source program listing of

. LserL subroutine LEST (Link 4)

CF&IlyY E41NVDOG
SURROUTIME TNV LA ML B M DETERH) E4THVANT
c IMVERTS MATRICES UPTO DRDEK B BY GAUSS ELIMINATION E4TNVONZ
OIMENSION IPIVOTI BleAl B, B}.RI Ba2)a INDEX{ B¢2).FIVOT( ) E4INVOD3 « LABEL
EQUIVALENCE [IRDW,JROW ), [ICALUMCHLUM]) s {AMAX, T4 SHAP) FainveDe CESLST FLL8Tunn
C Ec¢INvOnS SURRDUTINE LEST FALSTRM
C FalNVONE C GATAINS STHAIN COMPUNENTS HY LEASD SOUAHES AT & naDE E4LSTony
[ INITIALIZATION E&lNvanT AIMENSION [A1L) AAIL1eSELINIHI, D21(?1),N23(3,3),F22(3,3) E4ALSTODS
c Fis L MvGQE ByP 241001260 XIB) Y IRIL 2 XOIPN VDM TEe2D (71, GLELY E4L5STONS
10 DETEAM=1,0 B4 INVONS COMMDN 14,88 E4LSTo0S
15 0 20 J=1,N E4InNvQLD EOUIVALENCE LA, AR IR21, D33, (D2LOINILE22 ), (DZ1019)F) 4 iN2112D).GIE4L5Tng
20 [PIVOTII =0 E4INVOIL EQUIVALENCE (Ta(LTeINY e CIRI2 o IBMIZCIAIBIITI (IA{&I,IP),(1AIG), E4LSTONOY
Rp=].E=30 Fa Nyl z TIPREY 2 (TATSN g ITYPE) g LTALT) IMATH, (TACRI L IOEG), (TALH1, INR) 4 [1ATINY  E&LSToay
G0 TN 9003 E4TNYO13 ZIHD e CTACIL 1B LRIy 1MW) o ETREL3) . TMRY) S C AL LGN TMRZ ), { IATES] eE2LS5TONY
Sunz DETERM=0. Ealhvalw IIMFIYs ITAILAT S TARED L ETAILTY-NIL) 1, (1ACZS I MEolIALZE) (ITYIL{1AL27},E4L5TUIN
GO TO T4o E4lNVOlS AISTRY, PERIZB) IELTI et 1AL29) TTEM LI SAID 1, FTICD, (81311, IRET), E4LSTDLY
90U3 CONTINUE Ecinvni b BUIAI32 e T1SUMY L (TATI31, IND (TAC3GY IS, 1TAI3A], T0E), (TA(3T). €aL$1n) >
30 N0 550 I=1,M EaTaYR 7 BIUANY y LTAIAE) W FIROT o LERIF] 8CEL }oi 1816020112 (TAISTI 2T, FELSTOLY
c PeINvDL A TUIAIS2], 033, (TA1531,06), (18056) J5H 11ATA5), 401 (EAI5AY IT), (1AISTFALSTOIS
4 SEARCH FDR PIVOT ELEMENT FaIvilg Bl JB) o {TAI58),JTY ). (TAUSG)1RE 1, (1A(B01 IBMY I EAIALT 1IN}, (1&162),FALETONS
[ EL1Mv020 SILA L IATBTN L INT A ILAIAGY L IDY ) o (TACAS) L ITE} . (TAIL 1, 1TAR) E4LS1NL6
40 AMAX=0.0 Faingnrl ERUIVALENCE (TALGAT, TCAR] (FA(BTI ICIA1 (1A (AHICILIT, (1ALAT1, EUL5TOLT
45 DU 105 J=1.M E&lnvDaz LICLZY o LIALTO  IDFT]  CTALTL (IR L TR LTEN NP i LATTAN A1/ )y F&LSTOLH
20 IF (IPIVOTLA}-1) A, 105, A4 FaInv023 ZULATT4), TIC) - I TAIT5  TOER ) CIALTEY IS0, (RACTTY, I15) F4LST019
80 N0 U0 K=lN FaiHunRA 3, (IA(TA,1GEM) 2 1141791 JERKT S IAREKO I TE N IAAIRYY.DT] L [34182) .G, EALSTOR0
fOIF (TPIVOTIR)=1} BO. 100, 9002 E4lNVOZS GEAA{HI) ALL Y [AAIEL) A ALZ oI AATHS) WAL, (AAIRG]D2L), (281107000, FaLSTOZY
& 1F tABSFIAMAX ) -ARSF(A(J.K)1] B5, 100, 100 E4INVORE SUABIL3I Y UV b e (AMLISS I Kl  CRATIATI YILRABETTLY. 2], CABLETY) (BRI, E4L5T072
85 THEOW=.1 FalNvnR? SIAATLBA) YD)y AACIGA) L 2R) 2 1ARI351)8)  {ANI4N} . 2RFMT E4LSTN23
40 ICNL UM=K Bainvn?h Ta (BA(S2Z Y INP I LAATE 1 FPRGE LA 4G} IPER] , (AATG6]CONSY o (AATSA] , ILIFGLETNZG
Y5 AMAK=ALLGNY FhlNyazy B1.0AALGT I, 611, 1ARLAR),G2), (A84%],62) E4LSTnzs
1U8 CUMT ENUE F4]NY030 EQUIVALENCE {181349),NTIC). {14{3481, ISOTI.T1A136T1,ISDY), 1T2(346) FaL5T074
1U5 CONTiNIE £alnvaal LyESBZ I TA13G5 1 39) (1813441, J1001, (TAL36T).JPRSI CIALB4Z],I50Y]  FaLSToRT
TF (ARSFIAMAX)=RE) 9002,9002.110 E4iNya32 2o (TALIGLY SN2 e TAC340 1 JRRE Y, I JAIBRY) o MM ), (FA{33R), MMy FeL5TD28
110 TPIVOTHICOLIMI=IPTIVOTCICULIMI+L E&INVO33 3pCIALS3T ) JHMT ] (TA(3IG) L OMFE), (1A{325 ), ITAST.iTAL224),1DN2) FaL$TORg
c FOTNYO @y (113330, IPR), (AR1332),00Y . (AAIEIL 1,167}, (AA{330),PRES) £4LSTO30
[ INTERCHANGE RUWS TUl PIIT PIYDT ELFHENT MM DLAGOMAL E4INVO35 5y (1A(325),IPIR] FalLsTuIl
c E&INUN3L DIMENSION BER(3),SIREAIANINIAL 3}, SRIA],ENIT),XFL33,0N(6),RF(6),  FALSTOA2
130 IF [1ROW~ICOLUM) 140, 260, 140 Falnunsy IRESI&1\REDIHIGBAS L), [CLASIA)  NAANELI0) NIU(3] JNES 3] E4LSTO23
Le@ DETERN=-OETERM Feinvu3s EQUIVALENCE {481200), IOMEY, (4872011, ICN) A (ARTZO7 1, M)y 1AA1203),45TECLSTO3G
150 N0 200 L=1,N Faluvasy Pho(RAC204 ), INRON) . IARIZ05) JARF Y 4 dAAL{R06) o TCLAY, (AA0207), [MEL D4 E4LSTNTR
loG SWAP=A{IRDN,.L) P& INVOAD Z{AAL20RT IH). (8A1209),1CT, {ANIZI0), ECON) {AR7211) (ANGLE] « LARLZ L2 FOLSTD2G
Lot ACIRONSLI=ACTLIGN, L} E4 vl 31CAS) L 1A80213).1F), (AA(ZLAI, NB, (RACZLS), MR} E4LSTNAT
200 ACICOLUBL 3 =SHAY Falbyvaa Gy tARIZL6T, IRDT), 1ARI217),BST) E«LSTO3Y
205 1F(ME 280, 260, 210 Falnvoes EUUIVALENCE {A41220),BIR1.[AM(223),51R)¢IAATPPA1DIN),184(235),5RIEGLSTO3Y
210 D0 250 L=, H F&IRVDAL Ly tARTZA1Y 4 XN, (AAT 2440, XF ), FANLZAT N UNT CARIZS 1) 4OF I, (AACF5R) JRES [F4L§TOAD
220 SWAP=R{IROH,L} F&4TNVOSS PalhALZ65)4RED] 4 1A {2711 BASI AAL2761,ICLAS ) (8&12TA}NRAM] EGLS 041
230 BOIABN.E ) =REILHLUN, LY B4 [hvag 3, PABL292 SN2 (ABI2YS5 1, NES) F4L5TO47
250 BIICOLUM L I=5WAP Fainyost OIMENSION NELIZ204LT)aMACIA,4.20, IWGIS0T,D0(A, 61,4050, 71 H{H A1y F&LSTNS3
200 INDEX(I,13=1RIK FaINVO4E LCIBe2) 4 FFI1) NSETILN0 ), #5ET {1001, Wi3, 3] E4L3TOGL
290 INDRX(T.2)=1C00um Fallvnay EUUTVALENCE {&ATL40CO),FRIEMUILI2dP Ly ENUTZ o dRL) S LRI 3) 2051} E4LS T045
410 PIUNT(IN=ALICOLUM, ICOLUMY T4 TNYGR EOUIVALENGE {FE (1) NEL] {FFI3al 1, MAC) s [FE{ABLI4 WG IFFITS51},NN). FalL3TOss
320 DETERM=UETERMSP 1VOT(I1 FalNvnG] TAFFITET] A) (FFL142T) 4B IFFOLIGHIN,C) IFFIL&97),bSFTI, (FFIL58T), FGLSTOLT
c Falnvos2 ZRSETI, (FFI1497) W) F4L5TO48
4 DIVIOE PIVOT ROW BY Plv0F FLFMENT FLiNve3 DIMEASTAN UI3,5)1,C01S{31.CROT(31ODISII)4DROTI3) \RCORCAY ELLS 1045
L Falnvnsg EQUIVALENCE (X110 LaUCHRY, IXT 4} COIS i XTI ERITIL IX0I01,0015),  E4LSTORA
B30 ACICOULUMLICOLEM)=1,0 LHINVOSS LUXEL3) 2DROT) F&LSTOR
24 DI} 350 L=l,b Ealuyaby FOUIVALENCE INES{1}.dMM} . ENESI2 e dMR] FaLSTOSZ
300 ACILULIMGL Y =aCICBLIR L] /PTVaT 1) ELINVAST M= HE AN £4LSTARS
255 IF(M} 380, 380, 340 F4INVOSA ICAS=ICAS Fal5TRA4
sul PO 370 L=l.# Balhynsgy [CONN=iCON F4LSTDG5
$00 RCICOLUM, LI=BEICOLUM, LY /PTVEFL]) Ealuvusn |ERR=0 Fal 10494
L Falhvnsi DD & I=l,JMm F4LSTOST
C REDUCE NUN=PIVOT REWS FLFNWDAZ PO & J=1.JHX F&lLSTORA
4 FLINVOAS BL1.d)=0. FaLSTOSS
480 UL S50 Li=1,N Faimvnge Dl 7 K=1, ICONN E4LETR60
390 TFIL1=-ICOLUM) 400, 550, 400 FaINYOBS KM= WG LK ] F4LSTOS]
GO0 T=A{LY,ICOLURY Exlpvnss DO B L=1,KMK FLLSTNG?
4Xt ATLLLICOLUMY=0,0 ELINVRET H BUT4 =Bl JI+8 1K I RAIR, 21 FaLs3T0AT
30 DU 450 L=1,N Ea INVOAR 7 CONTINDE FLLSTONG
Gul ALLTLEi=AILY L= 10nLumM,LaT E&INVD&Y IF (J=dMMT &1.&1.& F4L5TOAS
w55 [FIMI 990, 550, 440 E4INVOTE 61 Hidal)=Rl1a.02 F4LSTO&6
460 O 500 L=1,4 Felmvntl o CLNTINUE FaLETne?
SU0 ALLY LI=BEILLaL ) =RUECOLIIM, 18T FalNynz2 00 10 I=1-JKM F4LSTOARK
>30 COMTINUE FeIhVOT3 OO 1O J=1.JMR F&LSTOAT
c Ealnvate JC= g+ IMN F4LSTHTD
3 INTERCHANGE COHUMNS Folmyn?s M COLed)=811,4G) E4L5TOT
¢ EalnvoT CALL INVIM,J¥M,C JMR,NETH FaisTOTE
:‘l’g :J”NV;UI“L“ FulNunTY c REARRANGE STReInS FULSTOT3
- =NE1= E4IMVATA n.2n ;) LLSTOT
820 1F LINDEX{L.11-INDEXIL,23) 830, 710, &30 Fa1NVaTS 1 gD iz 16, 20,200, 104 oyt
630 JROW=INDFXIL.1} R4INvORN MMz 4 Eal5TOTE
oall JCOLUM=INDEX{L .2} Féa INYDAL Gu TN 20 FulLSTa1T
ool WU 105 K=l FaInnA2 1z DO 121 I=1.3 E4LSTTE
Grall SWAF=A(H , JROWY F41nY0AZ CileztaCilal} FuLSTOTY
610 A1K.JROWI=ALK . JE0LUM) E4THYORG 121 Cil.1)=0, [ N3 HED
B0 ALK, JLUL UM I =5WAP F4THYOHS JHR:Z F4LSTORY
{5 CONTENUE FLIMVNAG GU 0 20 R4LSTAZ
7L CowT e Ta41kvna? 14 EF{XN(LI} 131,131,122 FaLb 1083
N ELINVnRR 121 C{4eli=CUl, 1) FoL5TnHa
e E41MVOKY GO TA 133 FaLSTORS
122 CLas1)=UM{T)AXNCLI—DT®ALT E4LETNRA
143 JHM=& E4LSTOBT
&0 TD 2D FalL5i0R8
Y5 EF (AN{11} 15241524151 F4LSTORY
1ol C{Zeld=10DISO1I=NINIL 11 ~CNIS{3I0NIN{Z, LIT/RNCLI-DT ALY F4LSTAEN
GO FU 157 Fal§T0R]
192 L1243 1= (DDISCLIEDINIL, LI=ONISE3 =0INi2, L1 /DLOR{T-NTSALS F4L§Tne2
133 JMM=2 FLLSTOT3
G TO 20 FGLL5TA9G
o TF (ENIL)) 1A7,162,141 F4L§TORS
Yol CE2,2}=-ON{3}eRINIL, 1 I/RN1 11 LGEALS EALETO9H
GO 7O 163 FaLsinaT
lod CH2+2)=—DRONE3IEDIN{L 1) /ANCOKC I +0528L 3 F4LSTOYE
les GO 10 135 rALSTORT
20 COMT INUE F&LA&TLDO
IF DET)  105.1000,105 FaLsT1nl
100 IF IINP=2} 70%,70R.204 CLLSTINE

206 HRITE QUTPUT TAPE G207 4 BSTF oMM JMRLDET A LICTE by Tl dMMY 0m ], JMRIFGLETIND
207 FURMAT (15X,A2,3K,40MNEST FIT STRAIN TENSOR COMBNWENTS FOLLMW, 14, F&{8T104

T3H £ 4T 15X a4HNET=4E1H, 7/13%.0F 1 5.6 F4lL3T10%
205 RETURN FalSI10k
1t FERR=] FLL5T7107
AR R TIEY LIRS RN
END Fersying
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Table VII-70. Seurce program listing of subroutine MDIN (Link 4}

® LAREL
CECmDM F &M O
SURRMTING MRIN E4MONDITL
C URIENTS LOCAL RXES PROPERLY aT & B0UNDARY MODF IN SHELLS FaMNNOD2
C Ta ROTATE LNCAL AXES IUIN) SO THAT K51 15 TH 714-BIR PLANF EaMMNON
DIMENSEON TA(L1, A&1E), 5S4 «NIBY-0R1121).N33(3.33,E2212:3) Fanhna04
LaPUZG)UN{ 24} XUBELYIB)Y LMY aXBET I YDIT ) ENETY. 61001 F&MONOGS
COMMUN SAAR FANNRONE
EQUIVAN ENGEITAARTiNZY,033].{020110),F221aiN21E19),E) . (MPLE20}.GIF4MINDDT
ERUIVALENGE (LACEYINY - CTRI2T TRAD G CTRIIbad T h i Iala)l, TP, (TA(R], FaubnOOH
LIPRS) . {180ATL1TYPE) G ITAITY o IMAT) A 1A 131, IDEG)  LIACST L IMEY CTALLD]T, EGuDNOAS
ZIHY.LTAILE N TR ( TIAIP) o IMMK) o TALT2) o THMY ) [TATTA ) IMM2] L HTALLS ], R4MDNDTA
AIMET .t IA{T16) TAREY, LEAILT«MEL o (TACPSI4MI e CIALPAT L ITY ) {FA(2T)REMDHUNTL
GESTRI ot LA{28 Y, IELTH, (TAI29) TTEM) S ITALA0N, ITICH. (JRI3L), IMFTY, rapimnl 2
SLLALAZ o ISUM T (TA(33) IND) 2 (12(3a) M5 ) 1 14136), 105, (14{37Y, E4MPNOLS
GEOANY (T 1AC3AY IORDLI A1 TA130), 8CEL F.{1ATSUI 4010, (TAISLI, 071, F4MORDI &
TUIALSZ10d3) o4 1A1S3) el  C1AISA) 050, LERIS5T, 061, 1 TAISA) D7) I1RISTRGMDNOTS
BI.JB);{lﬂtﬁa)‘JTYJ.(IA‘SQIoIEBI.(IA(bDJvIPOI.(TA(SIl'llni‘l1HI62I-54HHNﬂlb
GITAL 0 LALBA) L IDT o {IALAY ROY ot 1ALAS), ITEN, (FALGE, TTAPI FaMpHOLT
FULIVALENCE (1A¢8&)  ICARY L1A{6T}, I0TX) o LTACABILICTIY ] ETALADY, F4MIMDI B
FICIZY ATALPO I IEF Ty f LATTLY A IX% ) (JACT2Y VY I 11817200122, FakDMO] Y
ZUIRITA) TICH, LFAITSI L IDEF ) A TAITH]1, I5TI ITALPTI,118) FumnbnZ 0
S (IALTE) A IGRM), (LBET3) L EFHRI (ORATAO) A TE) ((AAIHLY BT IARIR2]D6), FaMONNZ]
GIAAB3)«ALLY . (RA(SGY AL2), UAATAS 1 ALS) . AR{E6),021}, (AATINT )P, FEMNNGZZ
STAACLIILI AUV {ABIIGS) X)), TAAILAT) Y ) o LAALTITLY (2D 18AFLTR) XY FaMDNG23
GIAALLBEY s YD Iy (RA(L1931.Z0)( 18A135T),5]. (AALGD) . ZGEM) ELMDNDZG
T BACHZY 4 INP Y e CAATR3]  IPBG I, (S8 144 ) TPENY ) LARTAS]CONRY, (AR LAR]y HIFAAANDZS
Nl [ARLGTI G LAMIGAT.G2)  (ARLAT),G3] FLHDNGZ &
EQUIVALENGCE (TAU349) NI IC)«{1A{348).150T), ITALAATI LTS, [TA(34h) FaNONOZT
L1821 4 CIALHA5] ¢ 090, [IAT364) 10, (TAIT63) 2 JVRST, (1A1342)2J50Y )  E4MDNO?R
201803411, 502 {1AL340), JARE) - EIAT33O) L JHME ) {TA133H) 4 JMMY) FamnhQzs
A {LAIA3TedMMZ L LIATR261 4 JPFIN I TAL335),1TA5 ) {14(334),1D2) F4MDNO30
4y LIA{AZZ}, IPRY, (AA(332)4NGY 14 (RAI33L).06T ], (84(330),PRFSI EamiNodL
S.1TA1329),1PIR) . ELMDNO3Z
DIMENSION BIR{3),SIRIA),DTNII 31 SRIS T XMIZ) . XFEAL0NLA),0FI61,  FLNONOG33
IHEST614REDI6GYBASI3) +ICLAS (4, NEBANTLIO) (NUE3I«NFS(3] FumDHn 34
EOQUIVALENCE (AA(200), [ONE N, 0812001 ICKY, (AR{P02) LM« [AALZG3) . ASTESMPNDDS
1) (RACZ04), THROND y (AAL{ZO5 1 «ARE) , 1A [206], TOLA ) (AAIZOT]  IEL] . FOUONA 36
PUAALZOB) TN}, (ARLZ09T, IR« LAAIZION ICON) L (SAF211) 4 ANGLT Ty [ARTZ12] FAMDNORT
ICAS) 4 (AAI2L3}-I6),(AAL210] NI LAALZ1G] <MBL E&MUMG 28
4, (B&1214)}. IROT), LARIZLTIRST) E4MDNO29
FOUIVALENCE {AA{220]1,BIR) s {AAI22ASIRI IER1226).0IN), (221235} ,SRIEGMDNDLD
T (AALZ41 Yo XNT  (AAI260 ) XF |, (BALZ4TH AN, IARL2E3],0F . {AL{259)RESIECMONDA]L
2 U ARI2B5)RED) L L48(271 ) RAS) , (ARI2T42 ICLRAS) . {AL{27R) , NRANY FaMDNO L2
3, (8812923, MY, (AT 295 ) NES] ECLULER
DIMENSINMN HEL 120,171 -MAC(4.4,20)  EWG{901 NNIAB),AI20. 73 RIB, R,  E4MDROGE
1CIB42 1, FFLTI4NSETIIUG)SRSETILY0) . W(3,3) ELMONNAS
EQUIVALENGE TABILA0NA0Y FF Yo INUET o dFLT  (AULZ Yo dB1E IS 2510 Fami o b
EGUIVALENCE [FFILIANEL] 4 (FFIBA11.MALT«{FFIBE1 1. IWG] . [FF(TSLI (DD, FEMINDa?
TIEEITBT )AL (FFILGTT) ) (AFFLI&ALY Coy (FFELAGT) MSET) L tFFI159T1,  F4MINOAE
ZHEET)y (FFIL&OT I H) EAMONNAT
DIMENSTON X1103),ETAIZ1,ET413) F&4MDNOSE
EOUIVALENCE ECIN(LI+X11)4ARINI4Y,ETA)} ({DINIT)2TA1 FaMnNG 51
C SET IWDICATORS TO (:L0OCAL 15 DLFFEAENT THAN OVERALL} FamMDNOG2
1HOT=1 [LOLDEE]
BET=2H=s FaMIND G4
c SEE IF A SOLID F&MDNNSS
IF {ECAS—4) 33,31,33 FaMIINNS &
[+ SOLID CASE. FIND THE AXIS WHICH MAKFS LARGFST ANGLE WITH AIR FaMNNNS T
31 IF {(ABSFIHIRILII~ABSFIBIR{2Z)}) 315,315,214 E4MDNNSR
315 IF (ABSFIRIR(ILII-ARSFIHIR{AIN) 311,311,213 E&MONOSY
316 IF (ABSFIBIR(ZII-&NSFIBIR(31)3 212,317,313 E4MONNAD
311 CALL VECT(ETA.BIR.XII) E&MANDAL
&0 TU 35 FLMDNNA?
312 CALL VECT(SIR.BIA.ETA} FAMPROAT
ETA(1I=8IR{1) E4MDNNGE
ETA(2)=51R{2) F&4MINDAS
ETA{II=SIRIT} E&MDNG AR
GO TR 35 Famnos 7
313 CALL VECT{ETA,RIR,ZTA} E&mMOND &R
s LLal. FuMnAnaS
CALL UNITLETA.CCI E&MONNTR
CALL WEGCTL{ZTALBIR,ETAY E4MINNTY
CALL UNITIZTA,LCY E4MDNOT2
CALL WECTIXIT ETA,2TA} FLMN?3
EALL UNITIKII.CC) E4MDNNT 4
G 10 22 E&MINNTS
[ WON-SOLID GRS F&MPRNTS
33 gCel. E4MNNNTT
CALL VECT (FTA,ZTA,BIR) E4MINnTS
CALL UNIT {ETA,CC) FAaMNOTY
CALL VECT {XIT,ETA,ZTA) FAMDNDAD
CALL UNIT (XII.cCCH FaMIMORL
2?2 RETURN FAMDROAZ
END F4MDNORS
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Table VII-71. Source pragram listing of subroutine META (Link 4)

CE4MET FE4METOOQ
SUBRBUTINE META E4METOOL
[ TO GEMERATE MATFRIAL MATHIX BD IN THE NRDEA NF L,2412+3413:23 FaMETOODZ2
4 iN LDCAL CDMRDINATE SYSTEM ESMETOO3
DIMENSIDN TA{1}.AACY).S(LY.NIBD.DZI(22).N2303,.3).622012,2) F4METONG
LaPORad UM{24), X081, YI8), 2081 XDUFY, ¥PUTL20(TH, GLLY) E4METODS
COMMUN 1A,44 F4METOOG

C

152

EOUIVALENCE( LA AR, (OF14033), (N211101,E22),(D2LI19),E), (N2LI20),GIELHETROT
EQUIVALENCE {TA(1},IM}, (FA12),IBN), 118131, IT)-[TAla), 1P {1A{5], E&METODH
TIPRS ] AR} L TTYPE] L LIA{T ). IMAT ) (1812 ), IDEC). (AT} IMX) (TATLD},FGMETOOD
ZIH Y IEE (1LY IQ) - FALI2) EMMX Y (TACTA) 4 IMMY Y, 1 1ALIG} . IMM2T 4 ETALYS) EAMETOLO
SIMEIL o TACTAY A TARE) w L TALLTYaNEI) Lo L TAIZS) oMo I1R12A) ITY)N L 121271 E4METOLY

A1STRY(TACZA) IELT) o iIAI2Z9) ¢ ITEMIy(TALSC I ITICT (TAI3T) (FMETY, E4METOLZ
SCLAEB2Y . [SUMISITALI3N,IND] (1AC4], TM5), (T&(34A),IN8]. {14137, E4METOLS
SIDRDI ¢ IAL38), IR Y, LTAI39]LACEL ), (TA(S0,. 010 CTAIS1) 420, FaMETRY &

TOIAGS2) 430, (TA153 402 (TA{G4 .51, LTALS5), 060, LIAISANJT)LIAISTIEGMETOLS
Ao By LTALEA} L UTY I p{JASET)  IBBY L IALSO ¢ IBOY I TALAT] 4 TIN] « [[ACA2) ,E4METO G

FILA S ILATS3) I0T A (FAIE4 1 s TOY 0l LATSS ITET 4L 1ACGL 4 1 TAP) ELMETOLT
EQUIVALENCE (1A156) . TCARI{TACST I IC XTI IA{6A), ICIT) L 1A(BAT, E4METO1E
BICE2N et 1ACTO S ICFI by CTARTT o IXX o (AT DYy ). (A0} 1220, ERETOIS
ZULALTAYy LIC), (TACTS)L IDEF}Y, I EAIT6) . 1SN t1A0FTDL1IIST F4METO 20

2, M TEILIGER 4 11A179], TERR ), (AA(BO}TEN+(AA(B1}.0T), {AA(B2),1G), F&METNZL
4TAATRIYAL1), {AA(BAY,AL2E . {AACAS), ALY, IARIBE) 40211 (AALIOTI,P), ESMETD?2

SOAACI3LI .UV (AAILES ), XD 5 IARILEA) oY), ALY 7L 420, 1AAILTS), 200, F4METDZ3
SCAATIOE) YD e {AAI193) 1 ZD) 4 (ARTEST] 4514 [AA{A0], 2GEM] E4METO24
Ty lABLGZ 1, NP LAA{43 ) IPBG)+[ARISG]  IPEN rLAALAS) (CONST TAAI4A] 4 IUECMETAZS
BlytRAIATISGLY, (A8 16B1,G2) e LAATAT)563) RaMETO 26

EQUIVALENCE (IA4(3493.NTIC) . (1AC34B1.ISDTIo{T1ALT4T3, 1SNV, 1181346) EemMETOZT
Ly ISDZY.01At345) 0390 4144346140100, (1A(343]  JPRSI, (1A{3421.0507)  EGMETD? B
25 11803411, DS, (FAL3E60), JAREL, (141338, JMHX} . (TA(3381,JMMY) E4METDZS
331 LAIS3T) o IMMZ L, (TAL336),JHMFTY, (1A¢3351, ITAST ( 1A3341,1D2) E4MET030
4y ITAT33],IPR), (841332}, DGY ). (AA(33L3,062 Fy |ALIB3N),PRES) E4MF 1031
S¢114{329] . IPIR} EGHETN32
DIMENSTON BIRI31,SIRI31,DINIZ.31 5RIGIVENIZ] AF{3]0ONIA) OE(6),  E4METOAR
1RES(H),REDIE) +BAS(A) ¢ ICLAS (61 ,NRAN(10] NI ,NESIZ) E4METO34
EQUIVALENCE [AAIZO0} IONE], (RA(201),1CH)2TAAIZ02),LMI, (AA(203),ASTEAMETO3S
10 1ARL204] ¢ INBUN) « LARL20S] L BRE |4 (AA1205)  TCLAY+(AAL20TI L IMELT, FLMETO3E
ZUAA(ZDEY MY, (RALI200),1C), (ARL210Y, ICON? S 1AALZ11)4ANGLE ), (&41212),E4METO3T
BICASY (AR 12133, [EY. (ARI214I,NBI {AA215).MR) E4mETNZE
Gy (AA218) 1 IROT).{A4121T1,B5T) E4METO39

EQUIVALENCE (AAI2200,B1f0, (AAI223),51R}. (AAI2ZE},DINY S IAAIZ35],5RIELHETAAR
1o TAMZULY XN LARTZA4) o XF 1, (840247 ).ON], {AAL253),QOF ), (AA(259),RES | EAMETOG]

2 (AATZE5 ) (REN) S 1BALZTYIIRAS), (A&(276)  JCLAS) A [AALZTRIWNRANY E4METOGZ
3. LAMZO2) NI, (AR (295),NES) FaMETN43
DIMENSION NELIZ0+ LT} oMAC G e, 201 o THGIG0) 40016, 6} ALY, T B1A,A)y E4METDA4
TCLBy 2 FFILI.NSETILOOILMSETILION), W3, 3) E4METD&S
EQUIVALENMCE [ARILADOC),FF ] (NUTT] . dPLY o ENUE2) 2 dR1 1. (MUY, 051 E4METDAS

EQUIVALENCE [FFI1) 4 NEL) (FE(341).MALY A EFFISAT Yo IWG) ({FF{751 .00}, FAMETOGLT
JUFF(IBT) 4 IFFILAYTY B) 2 IFFLLGHLY L1 (FF{149T),NSET) L LFFIL50TY, E&4METDAR

ZMSET) 4 LFF(1597).4} FAMETN4G
INITISLIZE 00 ALPHA CONSTANTS E4METOS0
00 1% 1=1,6é FAMETOE]

E4ME D57
1yd1=0, E4METNSS
=0, E4METORA

. FaMETOSS
AL3=0. F4METOS56
INQUIRE THE TYPE AND GEWERATE DD IM THF (RDER DF 1.2,3.17+13.23  E«METAS7
IF CITYPE-1) 2043040 ERMETOSH
JSOTROPIC MATERTAL EaMETQS5T
1ID1=11D+{ TME1~1) &2 E4METOGO
E=AA111DI+1) E&MET A1
DeARLIIDI+2) E4METOS2
TIAT=1TA+LMET E4METOH3
ALL=AACIIATY E4METRAS
aL2=aLl E4MFTORS
AL LL EGMFTOAL
PUSE/12.20)-1. E4MFTOGT
IF tISTR-1) 209,210,209 E4METNAR
IF (1cas-2) 208,210,208 FGMETAGY

208
207

210

2u2
2u3
zul

204

3n

401
&0

51

i

70

&2

L33

qt
92

100

IF (1CAS~4) 207,210,207
EY=F/i1.-PUsPU]
E2=E1#PU

K=2

GO TO 220

K=3
El=Exila=PUX e, -2, 4P L1, +PUY)
EZ=E#PU L2 %PLIR L, +PYI)
DO 201 I=1.4

DO 201 J=1.8

IF (I-4) 202,202,703
DOIT,J1=E1
DOIT+3,J+3)=G

G 14 201

DDITed)=E2

CIANTENUE

LF (K=2) 60.204,60
POl&s6)=6

CO TO &0

CHTHOTROPIC MATERIAL
JIAT=1TA+ 1 IMET=1122
ALI=aA({Inl+1)
ALZ=AATEIRAI+Z)
ILOI=F 11+ [MET=) } =2
R1,11=2411T0]+1}
DD{l.2 AlInr+2)

DDCY v 41=AALIINT+3]
POIZ,Z1=AAL1101¢4)
L2441 =480 1T0T+5)
BR{4 44 )=AAL11D]+h}

DO(5.&)=A8011DI+51

1 CISTR=11 60.301,50
DUI143)=0D11,2)
DN{2,3)1=00{1+2!}

GO TO &0

GENERAL HOOKIAN MATERIAL
TIAISIIA+IIMET =] )53
ALtcaaillalel)
BLZ=AALITA]+2)
AL3=AA{[[Aa)+2)
JIDEsTID+H{ IMET-L)wZ1

DA 4DL I=1.6

N0 401 J=T.+b

LIDE=11D]1+1
DOC1.J]=481110F)

HBTAIN THE SYMMETKIC HALF
DO 61 [=Ll.8

0O 61 Jai.a
BOLIe11=DDIT,d)

ROFATE MATERIAL AXES [F MECESSARY 50 FHAT THEY COIMCINE WITH RIN

IF LIROT} T1.70.7L
CaLL ROTA

SWITCH COLUMNS ANMN ROHS 3 AND 4 T0 GET THE GROER 1,2412,3,13,23

00 52 I=leb
E1=00{4&,[}

DN4, 1)=0003, 1)

P IETS 1

00 63 I=1.,5
E1=BI{1,4)
DD(1,44)=0071,3])
OD{I,3)=E1

IF (INF=2) 100,%1,91

HRITE OUTPUT TAPF 6p22 JCN(BSTHIRET, ({0110} d5 61, 1n1,43
FORMAT 119510X,4243X.STHMATERTAL MATHIX (IN 11241243,13,23 ORDER)
LEULLOWS, WaT,.=,13/(20K.,6614.51)

RETURM
END

F4METO70
ESPETOT)
E4METOTZ
ESHETDTI
C4METOT 4
E4METOTS
E4METOTS
E4HETOTT
ESMETOTE
E4METDTY
E4MFTRAD
E4METOR]
E4METORZ
E4METOB3
EaMETOAL
E4MEIORS
E4METORS
E4METORT
EAMETOAE
E&METORT
E4METOI0
E4METO91
FaMET2
E4METCS3
E«METOYS
FAMETOSS5
E4METOOE
E4METST
E4METO9H
EGHETD9S
E4MET100
EcHETIN
F4MFTENZ?
EGMETIND
E4METLOG
EuhETLNG
E4METLOB
FLmMETINT
CAMETLOR
E4METLO9
E«METLLO
FGMETLITL
F4METLLZ
E4METI1A
E4METI1
FAMETLLS
EaMETNTS
BAMET11T
E&MET1 A
£4METY19
E4MET120
EGMETLZI
E4MF1122
FAMET123
E4METL 24
E4METL2S
E4METL 28
FLMETIZT
E4PETL2H
E4METL29
E4METLA0
F4METL31
EGMET] 32
E4METI23
E4MET1 34
E4PETL35
E4METL36
FamiT13?
F4METIL 28
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Table VII-72. Source program listing of subroutine QUAD (Link 4}

= LAREL

CESUBH Faotnneo
SUBRIUT INE QLAD Ealanonl

C FINDS LOCAL COURIMATF AXES BY REST FIT QUADRATIC IM SHELLS EaGsDnn?
c TO ESTABLISH NIN(3,3) AND ANGLE Y BEST FIT DUARKATIC SURFACE (9F)F20ADONT
DIMENSION Lal1),8&(L),5[1),NIRINZ1121),N3313,.3),E2213,7] Eanannds
TePE28) UV (240, KIR) (¥ LAY ZIA N, XBIT a0 T Z0ETI46LETY £40AN0NS
COMMON 14,48 Fapannns
EQUIVALENCE(EA, AAL . (D2L.N321,(NZ1 (1034 E22)« 021112 E} L {DPLIZ00,62€LRADODT
EQUIVALENCE 1LATT) T8 94 [AIZY, IBN] L C1AE3 . IT)a(TAL&), P} ITALR) . E4OADUDE
LEPRS) o CLACE ) ITYPEI £ LACT) IMAT]  fTA(RY G IDEGT {18193, INX} L {TALID1LFaQAD002

ZLH . CLATTTY S 18], LHACTZ) o IMMX )L (TAIL3 Y, TMMY )y fTALYA L IRMID (1R ILG],E4080010
ALMEL o TA{LG]  TARE) o [TACT 73 aNEL Y. (1AT250 M) L TAfRAY TTYI{[AL2T) FoaDnll
ALSTRY LLA{2B)  JELT), ITAEZF) ITEMI(1AC30) ITIC) 1 TALILILEMET I, E4Da0012
SUTAUZZ) ISUMI (TAI331, IND) L CTATT&), TMS) 1 IAIZA], IRS ), (14(3T), F&UAnOL3
GIORD I, ITA{38) ¢ TORDLT ¢4 TATZF) L ACEL Fo(TAISO 4 bt TAISL) 2220 E4QAND14
TOTAISR1 4030y (1ALS3hsddla (IAISE] IS e ITAI55) v da) e (TATGHI ST ITALSTEAORNOLS
BUydB1, (TAISA)UTY), [FAISSI 1BHY . (1A 1601, IBN) TTACAT) ¢ 1ID1 0 1ALAZ) EQRADDTA
SITAY 4 LA(6I FOT) o ETATASG] . INY 1oL IA{65) . ITET (TAL&LY 1TAPY E4DANOLT
FQUIVALENCE {TA1AG), TCART ILAISTIINIX] {1ALARIECTY I I IAIBY) . E4DANNTA
LICTZ)a ILALTO) S ICFI 2 (CTAITY) TN, ATALTRI IvY) (12T IETY, E4ORNOLS
ZUBATTO o VILY o LALTS) CIDEF Y « L1ATTEY, 15T, {1ACT 1L [IS) F4RANNPO

By (TATTH) ¢ IEFMY L ELALTS 2 [ERRD . LAATADY L TES, LAALHL I, DT {AAIB2),NGY, E4DAROZL
ALARTRI Y ALLY . (AAIBE]LALZ Iy (RAIBS) 4AL3)  (8A(RA} D21} fARTICTI P}, E4BAON2D
BEARCLIBLFaUN) o (RA(LEEI XY LARCTAES] Y 12 (AACITLI VTN (AAITITS IR0, Fanano??
GLARLIRAT. YD) {88193}, 201y (AMI351Y 5D 1AR(AD} L ZGEM) ganadops
TalARL42Y oINPT o LAR(GAls IPROE, ANIS4), IPEND 3 18R 148],0ONE], {AATL8) THF4UADOZS
BY g CRALATI,GLY, [ARI48),6G21 . (AA(4U),63) E&0ANNI 6
EOUIVALENGE (TA(36Y) 4 MTIC), 11A1368),15DT), (TAI3471.E80Y),(1a(36a) ELOADDRT
1oI5B2)a01a0366), 091, 1A3441, 3103, 11A1362),0¥RS), [184347),0507)  E4CADO?A
Zor1a1341 1,502, ( TA(340), JARE 1« [124 2391, PMX) L {18 {33R] . IMMY] F4RANDRY
3ol lAI337 1 JMAZI - (1803360 JMF1 Y ITAI335) . 1TAS ., (T&1234),1D7] Eagafnin

Gy {1A13I3],1PRI, TAAI332),DGY I, {BA(331),067 )« (AAL330).PRES] EaAD02)
Sel1A0329) ,FPIR) E4DADN 3R
DIMENSTON RIRIZ),SIA12),DINI3-31.5R(6},KN{3],XFI3],0R(6),OF(6),  F4DADD33
IRESI6),REDIAI HASI3), TCEASI4Y «NBANILOT (NUII3],NES{D) Eanannis
EOUIVALENCE |AAL2001,50NE), (AAT201),TCH)«TAAT202] LMY, 581203),48TEAQADOAS

1), (AAT 20404 INBOM]  CAAT205 15 ARE ], (8A{ 206, TLLAY) (ARIZ0T )L THEL ), F40AN0YA
21AA0208),TH, (ARL2DF) 1LY, (AAIZEM) . [CON) L IAAT2110ANGLES, TARIZ12) (EROADOIT
3ICAS), [AA{213), IE} . { AR 141, MBI {AALZLE)  HA) E404N038

44 (AS{Z16), IROTY, (ARIZ1714B5TI £404NN39
EQUIVALENCE 14812201, R1R}, TAAL223),SIR1.(AA{226),DIN],LARI235),5RIFLORD0LM
1rtART 2L 1y XN3y (AALZOG ) XF ] 4 AR 24T, ONI 4 TAR(253]  DF), {ARI259],RESIEALADDAL

72 LART2A5 ) RFN) 4 [ART2711BAS Y, IARE2TH) L TCLAS) s LARIZTH S MHAN) E4NADNSR
3, (AA 12920, Y, IARIZ95 1 NFS} CA0ADNAD
DIMENSTION NELE20,1T) MACT4 40200 (TWGIFD] o006, 60 A1G0, 71 HIBIA).  FLOANDAA
ICIB+2Z)-FFIL},NSET{100] (MSETILOUY 4WI 2,3} E4QApNSS
EQUIVALENCE (AA(}4O001+FF ) INUCTE-JPL by LMBEZN ML T4 (83,0510 E4RaDOas
EOUIVALENLE {FFLLI NEL) 2 IFFI3411MACT I FE(6EL) (EWG) IFFITSI1 400, Ea0an0a?
LUFFLTATY A0 o (FRILGLT I4B)a (FF{LABLI,CY [FFL1437 1,N8FTH, (FFIL59T), E40ANDGH
EMEET] ¢ (FFIL497)4W] FLOAIDGLY
DIMENSININ £T1U3),ETAI3), ZTAL3),D150,8] F4QAaNNS0
EQUIVALENCE [RINEL)aX1I1 (NIN{S) L FTR) (DINIT I ZTAL{n.D] EADADR5]

4 FIND THE SET IF NUNES 10 BE MSED ANO LJST THEM IN NSFT ARRAY E4040052
iL=1C Faap053
IM=IH Fala5e
TE=MACTIM.IC 1341 E4DRDD5S

k=0 £40AN05E

DO 10 1=241E E4DANNST
TELT=MAC [Ty 1L, T E4RANOSK
IMSaNELITELT,5) FLOADDSY

DU Y t=keIHS FanANDGD
K=h41 FADANGAL
MSETIK I =MFL (EFLT. 491 E4RADNS?

10 COMTIMUE FLOADOAT
t OBTAIN KENEHAL DIRECTION OF MIDDLE SHRFACF NOMMAL ON ID E40ANDAG
T=MSETIL) FAQADNAED

CALL FINDXIP.X} FLDAROSS
1=MSET L) ELUADOGT

CALL FENDXTI4Y} F4DAN0BE
KGELY¥ILY=XIL1 £ANANDAS
XGI2}=¥121-X12) F4DARDTA
XDE31=¥131-X131 EA0ADOTL
[=MSETI3) E4QAQ0T2
CALL FINDXIT4%} F4QADNT3
¥OILI=K(LI=Y (1) F4DADOTS
¥O{2I=X121=¥ {7} E4QADOTS
¥O{3)=K131-Y13] EanNAROTS

CALL WECT 1ZDaXN.¥i} FARADNTT

NR=D E40ADOTRA

o0 13 1=1.K £4DAD0TY

IF (MSETII}) 13.13,131 Fanainao

131 NUDE=MSET(LI E4DADOR
NB=NB+1 £40ANNEP
WSETINE | =NONE E40L0NAT

nh 12 J=1.K [ZILLED

IF INDDE-MSET(JI} 124121417 E4DADDRS

121 MSETIJdY=n F4RANNEG
12 CHNTINUC F4DADDAT
13 CUNTINUE Exnenns
4 SEE IF THERE ARF ENDWGH NOULES FLOADNAY
IF (NB=9} 15:15.15 E4DENOR0

. NOT ENDUGH, EXPARD THE POPULATION Fananngl
1o CALL EPAN F2QANNS2
13 IF (INP=2] 17.18.18 FauAnDI3
185 WRITE QUTRUT T&RE 64 1AL, MR, INSFT(I).1=L,hB1 E40ANRS 4
1H1  FURNAT (20X,47HNOUE SET FOR BEST FIT QUARRATIC SURFACE FOLLAWS,I10F&NAN0SS
1/(20X 201501 FAQADNSE

C FIND GRURE DIRECTION FUR RIDDLE SURFACE MARMAL £40ann9T
14 CALL BESTIZTANSET.NA) Fanan0ge
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141

2ul
2u2

19
11

20

204

21

212
A1

Zul
2f

26
2d

ral

ELY

24
3u4l

W= 1Al JexZ+ 2 TALZ 1?4+ TTA{ B 442

IF {0) 1724172172

ITa{l)=20(11

ITAL2)=20021

ITAL3)=2043

GENERATE FIRST APPROXIMATION FOR DIN
1CAT=0

RITLLI=HASIL]

XIFI7)1=045121

XI1031=08513]

D=1,

IF (SCAL{ZDBLZTAI} PO1,201,202
w= Lo

FALL UNET (Z274,0)

CELL VECT VETALZTALXIIN

Call UNIT (FTA,01

CALL VECT [WT14FTA,ZTAI

CALL URIT (X37.0)

IF (NH-%} 19,20,20

WRITE CUTPUT TAPF 4.391,1CM

FIRMAT 115413, 7LHNOT ENONGH IMFUORMATION FAOR AEST FIT QUADRATIC,

1EST FLT PLANF IS5 USEN. |

GU TO Lo0

SEE IF THIS NIk 15 ALCEPIABLE

1F 1ICAT-21 204,205,205

KNT ACCFPTABLE, COUNTINUE TTERATINN
L=n

GENERATE EUDATIUNS FDR THE COFFFICIENTS Mk BFST FLT QUANRATEC

pD 25 j=l.NE

NONE=NSETILT

IF (ICN-NODEY 21.25.21

CaLL FINDXINORE,XF)

1 711 J=1.2

XIJI=0.

0U 212 K=1,3

PR AN R E R S R IS BETH L L P
CONTINUE

OiLea)=x{Lyxal2}
MILaS1=X(LISX[3}
LUL&I=XLZ15X13)

CONT INUE
OB1AIN FHE VEASY SQUARE EOQUATIDNS

on 291 k=11

BOl e JD=n( ) J 40K, P IENTHJT

RUJeD1=0{T,J}

C{1,11:0.

00 25 K=l.l

COlyXY=0 1 LI+0ER, TI#0{K. 9]

COMTIMUE

SOLVE FiR THE COEFFICIENTS

CALL INV(RB,C.140ET)

IF (DETY 29.1%.2%
ZTACL)=X1T1C1 40T, 1 +ETAILIRCIR, LI=LTA(}
ITA{P)I=XTTI2130 1T« LI+ETALZI=0I8, 1 }=2TRI2Y
ZTAL3I=X1 (3 1%CIT, 1+ETRIZISCOA, 1I-2TALS)
ICAT=1CAT+L

G0 TQ 203

E&GaN0IY
Faganyan
EL0ADLOY
Fa0AnLng
EaDADLRY
Ea0al ne
F&OAN1 0N
FaQanlos
Fabanin?
FLDADIDER
FanAnINg
F4DANTLO
F40ADITL
FaRanIL?
Fadanll3
EanaDLlS
F4NADLLS
FaORDI1e
FAQADTLT
E402011A
AEGDANLLY
Fagnil 20
FaQanLzl
Fanan1 A2
Fefapl2a
FaOAT 24
FaDAGL 25
E£D0AD12S
F4Qani1zyv
E40ADY?A
Feanl29
E4NA0130
Faneni3l
FaRant 4z
FADATY AT
F4O0AM 3k
Fadan1as
EaOADL36
Fanan1a?
E4DAN1 3R
E4«04DL30
Fananl4n
FailAnlal
E4NAD] 47
ELQARN] 4T
Fapanlad
FLORDLLS
Falantay
EaQAap) &7
F40AN14A
Eadan49
E40An150
F40ADT ST
Eansnlsg
Fauanisd
FaphDl5a
FelnDESS
FADAMN]SA
E4QADLST
Faianl5i
FaAi 59
F4DAM60
E4qan sl
F4QanTA2
F4DALL ES
E4NaN1 &4
[T H R

NIN ACGCEPTABLE. SEE IF PRINCIFAL CURVATURE DIRECTIOMS ARE REAUIREDF40AN1&6

ANGLI=0.

TF (IPIR=11 10D 206,208

YES, ROTATE DIN AROUNML Z7A UNTILL X11.ET& PRINCIPAL
FC=CILla1)=-Cl2,1)
ER=ABSFICI].1))+ARSFICIZ,10)

ER=ER=1,E-2

IF{ARSFIFCI-ER) 24.24.34

ANGLE=ATAMF (C1441)/FCY/2,

G0 10 341

ANGLE=0,

CES=COSF{ANGLE}

SENsSINF{ANGLE)

COMPUTE CURVATURES
EC1aCESHLES®C {2, LI+SENFSEN*C 12,1 )+ 2. ¥CESSSTNSL [4,1 1
Xi2)=5EMeRENMTC i1 LI+CESTCESRC{ 2,1 )-8, #CESHEENSCI4,1]
FINM SMALLER CURVAIUKE OQIRECTION

TF (ARSFIX41II-ABSFIX[2)1) 243,100,342
FC=CES

CES=-5EM

SEN=FL

BRING XEI OM SMALLER CORVATURE DIRECTIONM
pa 35 1=1.,3
KITI=CES#DINTE 1 N+SFNEDING 121
YEIIeCES®DINIIL2)-SENEDINLE, L}

CONT IRUE

Do 36 I=i.3

DIM PlalpmxtI)

DIN EDs2F=¥111

BANGLE=ANGLE#1RD./3.1615%

RETURN

END

ELRanlAT
F40ADIAR
E4ORDLAT
Fean1 o
Fapadl
FaQAnT?
F40a0173
FaORDL T4
E40ANLTS
FeOALLTE
Faupil 7y
E4CANLTE
F4QANLTS
FaanD1RY
EaQADl &L
FadAnyga
F&4OAi A3
C40ADTAR4G
EoQ80]185
E4DADIRE
EulABLRT
F&danian
FeRriiLeg
Fansn1og
Faoen]ol
Fo@anez
FatOaplas
EeAu1g4
E40ADL 95
EeQANISh
EaDANLOT

153



Table VII-73. Source program listing of subroutine REVO (Link 4)

* LABEL
B0 SEB=JAFlI-EIRIT
CE4REY P Yeralaria st ELAFV094
SUBHDUTIME RE¥D B4REYOR] D= FaREYDTS
[ FINDS LOCAL &NES 8Y REST FIT & TH MRIFR POLYNUMIAL [M SHELLS DF RVF&REVONZ 00 355 Rel,]T FAREVNSg
t TO FIND DINC3.2) FOR SHELER OF AEVOLLTION #¥ 4TH DRDER PLYNML FIT E4REVODS (1mJ4BeK BarrFuaay
DIMENSION TATLI,AATI)S{LIa0IH),D21(211,D3313.3),F2713,3) EGREVON G L2=Jatek F&REVOOH
Ty PL2a1aUVIZ4) 0 IR ) ¥ (B Z R XD TH YN 7)o 2007F )4 GIIT} F&RFVDAS L3=Ji+K ;:E;‘:’?::
COMMOM 14,48 E4RFYN0G IF (14 - PR
EOUIVALENCE 1A, AAD 4 1021, 0330, IP1ILOL,F221, (DFLELY] oE1y (N22(20) .01 EOREVOQT 358 1F (1ellaoiiomt 322'222'322 EWRFY]D]
EOQUIVALENCE (IALL},INT, (TA(21,IB0), (EAIB1, ETH-t180143, 1P} t1A(R), E4REVOOR 356 IF IIAILLI-NODL) 355.357,74% FaRFYVi0Z
TIPRS Y (14L& EVYPEN (FALTIIMATI L LATBY L IDFGY . LIAIG)  THX) (TA110) ,E4REVODD 354 LODEz18(L2) - ’ FLRFVINZ
ZIHI, LB CLE3 e 182y LUAEL2 1o IMHX ), (TAUL3 1o TMMY 1o 1AL 141+ TMMZ 10 ETAELS ) FLREVD] O GO T0 359 EanEulne
BTMEL) o EIATLATSTARE ), (EA(LTIoMIT 11t TALRS) M) o f [A(ZA) TFY )0 (181271 E4REVAL] 355 CONTINUE Funtvios
“ISTRY, {LAL2E) TELT )y I TAIZDI ETEMI, (TA(30) 4 [TIC) S (TA(3Y]4IMETY, E4REVO1Z Inw  IF ILODED 460,380,370 FaKE¥LD6
SITAI3Z) pISUM] 4t TALA3} (INON ((FAT34) 2 MG 1 o CIALIET IDS) . | TA(RT), E4REVDI 2 360 IF (LL-1} 365,300,365 E4REVIN?
S1UADT, (TATIB 1 TORRLY, (LTAI321,RCEL 3el1ATS0Nydlip l1RI52] 4030, F4RFVO14 355 NA=KR-KL+1 FUREVING
FIIAIS2 040314 LTACSTY . 04)  (TA(56)  05) {IA1563 s b by A TALSG) +dT) 4 [A{BTEGREVDTS o 36& L=) ,MB ELREVIDY
Ao Bt 1ACSBYJTY L (1A(SS 3, 1B C1AT603 2 IBO), 118181} T1T1 € [A162) JELREVOLS 1F {J-11 362,362.361 F4REVLLO
SII8), (TAT63) 10T 1 CTALEG] L IDY]  CIATAS) TTF) . ITATGL1 . 11APY E4REVOLT 381 L1sL F4REVITL
EQUIVALERCE (1A156)  ILART  (1A(B7) (TR}, ITAISR) . ICTTH, I1R1A8], EaREvOlg LomkL+L-1 F4REVLL2
LICEZ) i JATTONLICFI ) 4 EIALZLY, TN}, A SATZ 1YY ) L1ALTI}, F22), E4REVDTS G0 TD 366 FaurviLg
2OTAETSY S L1L) y LIACTS ) INEF ) ITACTSILIST )4 ETRITT], II5] E4REVOZ0 162 FGREYLL4
el TAITE ) THEMT, (TA(T9) JERRY « CAATHO 14 TF 1, (A {ALY,DT1{ARIBZ14DR}, E4REV0Z] E4REVITS
GUABIEII ALY 10 CAA(BGY JALZ ) LARIRS )AL )5 1AAIBEILNR21) 4 IARIIDT),PY, EGREVOZZ 366 NSETIL) J=MSETILZ) FLREVILE
SHAALILL AUV g CAATESE) XD, (ARLL1A3).Y ) IARTLTLY 20 LARI1T0, 0D} E4REY0?3 1E €=1] 364,364,363 FaREV1L 2
GOARCLBEY YD1 | (ABITY3) 200, (8213511514 IARI40] (ZGEM] E4HEVO24 183 KL=1 FAREVIIR
TotAAT4R  INPY LAATR2) . PBG), IARIAL]  TPEN]  {R8{a5),CONSI . {AALAA), TUELREVOES KR=NB FAREN119
BI4lAR(G2) GLI.(AACLAYLG2Y, IARL4Y), 631 FAREVD2S tL=1 £4uFvllo
EQUIVALENCE (141349)eNTIC] o t1ATA4A), ISDTI, (1A03471.1SDY), | TA1346] EGREVOPT G0 Ta 3en FsREV1?1
To1SDZ), (14036500901, (TAL34GY, JIO), (1403431 JPRS I, (JA(I42]12050Y)  E4REYDZA 364 KR=S F4REVIZ?
ZellAT3AL Y USD21, (1413600 (JARE)}, [[AT339) 4 MNE) L TALI3A) , JMHY) EWREVN?S KL=b=NR EGRFV123
3. (TA(B3T) UMMZ Y LIATIBAL, JMET D, (1AC3351, 11450 (TACA34), INZ) F4REVDI0 G0 T0 390 LI
SrlIA333) IPRY,LAA{3IZ) OGY I IAAIABT T, D62, (AL {2201 PRES) ExkEVDIL 310 1F (J~1) 375,375,380 Fvis
Brila13249), IPIR} E4REVO32 375 KR=KA+L FEREV1ZE
OLMENSIUN DIR(3).STRIZ1.DIN(3,3),SAT6),XRI3).XFI2).ONISI,OF(6),  E4REVDID NSETIKR) =LIDE EaRbyvlz7
TRES{6).REDIE) (BASEAL, ICLAS(ST, MBANILOT N3], HESLT) E4RFYDI4 50 TO 390 E4REVIZR
ERUIVALENCE (AAIZ001, [ONEY, (80 12013, LN+ {AA{202) +LM). (AA(Z021  ASTEAREVAIS Ju0 K(=KL-1 ESREV 29
L)/ (RAIZ0G ), INBANT, [AA1205), ARE D (AAIZD6)4 1CLA ), (RR(RRT) L 1NELT,  FARFVDA6 MSET(KL)=LODE EerpvL0
20AREPOE)  TM1, (AB{209) 4 LT ¢ LARIZIO1, TEOMT, (AACZ1L ) ANGLED o (&A(Z12) E4REVDTT 390 CONTINUE FiRivial
IICASI ) (ARCRI3DLIF 1, (RAIZ14)MRY, (RA(Z15).HH I [Ptiree 40D NAEKR ReREv12Z
Gy LAALRLG) IROTIL IAALIZLTIHST) E4REYN 3G 1E {INP=2) 450,440,440 ECREVL33
lh?lﬁ\dﬂLENCE VAAT220 ) oBIRI, L BR1223),51H1, (AAT226),DIN), (AAL235]1, SRIEXREVO4D %0 WRETE DUTPUT TAPE 6,441 IR NB,(NSEIIT],T=1,NH} FF:';LV}.;;
rid (zt-LI.AN:,lAA(le.xF).:AM;!-’-T).uN:._|M|2533.UFJ.(Ancrio:.nps)snnsvn“ 443 FORMAT {20Xy55HNODE SET FOR FOURTH (OR LESS) NEGREE POLYNOMIAL FDLF':-RF'V
22 (AA(265) . RELY,(AA{ZT1] BRS). (ARE2TG1LICLAS), (AA4(2721,NBANIT E4REVO4Z ILOKS.2110/270X,2015)) i Y1
' Ty MAC ks &au20), TRGITD) cDOIBHI AIT0 TR B, E g
TEARe2)  FF L) NSET(L0G) MSTTFI00) W13,33 shiEnLy EiZE;EZE c[q f§;=;:ENLSTATInNS FOR THE COPFFICIENTS E4REV] 39
EQHIVALENCE [AALIS0D0), FFY. (NUTLIAdPIYa INIEZ], M1, (MUT3 1, 351 FA4REVDaE 00 15 =), LPONN EAREV1ED
EQUIVALENCF [FFC11,NELT, (FF{361) MAC). IFF 18611, ING1, (FF 17511 ,00), E4kivnat K=NSET11) Famtvial
LEFFITETI A} FFO1A1T] 81 (FFI16ALILC 4 (FF(L4ST),NSET) 4 IFFI1S8T), E4REVOGA CALL FINDX (K.RED) EskEvies
IMSETY . LFF{1697) 0! CLREvAY o e e FAREVLal
DIMENSION XIT{3},ETALT),2TA(3) F4REVBSD L= 1PONN—y FGREVL 44
ERQUIVALENCE tOIN{I],XTT), (BIN{S)JETAY,iDINITI, 274} E4REYOSI 16 Bil«d)SREDILI®SL ESREVE 45
4 FIND THE FIRST AND THF LAST NIDE 11 HE COMSIDERED FOR THE E1T EGRFVOSZ B(I TRONNI=] . ::IENM-
fé‘:}:‘ FARFYO53 15 CIL.1¥=RERIZ} F-Ml:tg:}:g
L THTME To 1700 E4REVNSG [ DHTRIN THE CRUDE DIKECTION €F X11 &ND SET THF MIRELTION OF ETA EGREVI 49
10N IME o neg E4REVO5G RED{11=B(2PONN, 1 PUNN-1 1-811, IPONN~1) EAREVSO
w E‘;REVU‘)? :ED!Z)=C(II—'IJNN.[]-Cl[,]) LLREYVL 5
nbiosd e
IF (1E-1) 106,100,200 !‘“vRElHIVSS' " F4REV]E3
160 IELI=MAC(IM,IC,21 EAREVOAG ETA[5) 21 FE4RFN154
TF{MEL{IELT+301=I1CH] 102,101,102 E4REVDBI o=1. . E4REV] 5SS
ot :L'l FaREVOAZ c FIND [HE COEFFICIENTS :2:‘:“2?
Lot FLREVOAD CALL INY (B, IPONNAC,L+DET) EaREVLaA
NSETIKL -T2k FGREVOAG [F IDET) 17.18417 E4REVLSS
NSET KK ) =hEL (TELT.110 FAREVOES 14 HRITE QUTPUT TAPE &,181,1CN E4REVL 60
INTRR TR ’ FAREVDSA 141 FORMAT (I6¢13XpB5HNNT ENDNIGH INFOAMATION FOR MIDDLE SUAFACE NORMALELREV] 61
102 KL=4 FapFunaT Y1 APPROKIMATE XII1 4ND ITA VALUES ARE USED) ) E4RFV162
KR=S E4REVDAE CALL UNIT (RED.O) F&aRFVL AT
:gé”uuwuusu.]ol Zi’;:tg?: ;:g:é;fggg:;i EAREV1&4
P E4REVOT] XIT43)=REDI} FoniwLas
200 -2 FatbvnTa LALL YELT IZTAWXI],ET4] FeREYLAT
220 LELI=MAC{IM.IC, 1} taani foTn R feTae ML
01 LZE;TEggiit;‘IOI-ICN) 202,701,202 CAREVDTS c COMPUTE DIRECTION COSINES E:sgg}gg
NSET( 6)=NELLIELT 111 FuREVYDTA 1f IF (1E-2) 171,173,172 FAREVITL
50 10 210 ' F4REVOTT 1/2 WRITE DUTPUT TAPE 6,l81.ICN EaRFu1T2
202 NSET( 33=1tn E4REVNTA 171 21atii=0. .
F4REYOTS oo 1% 1= FAAEV1 T3
NSET( 2}=NEL{IFLT,10] EAREVDTO a =l.IRP F4REY1TA
210 TF 1131 239,216,216 FafEyOR1 Cyapan-1 FARFY1 TS
2ls i=3 E4REVORZ e EGREVI 7o
GD TO zz0 1y ETACLI=ZTACLI+CI2C 111 % XN{L)#%(R-11 E4REVITT
216 KL=2 E4REVORI ZTh2 1. RE
KR=6 E4RFUNAL ITat3)0. EZR'E\GHS
300 DO 390 1=1,3 F4REVORS CALL WECT IXIT,ET4.2TA) FuRCY
r FAREVORE LRD
IF (KL=11 201.3%01.302 IF [SCAL(RED.XE1)) 20,20,21
g J=2 EURFVIRT 20 B=-i, F4RFYLAL
NODL=NSETIKL ) FSREVDRR PL CALLTUNET (ZTA.M CaREulas
GO TO 350 EREVNAG CALL VECT (XI1.ETA,Z2TM) FLREV] A%
0L IF {KR-%) 303,400,500 :::é;‘gg? CALL UNIT (x11,8) FAREVIAS
203 J=1 i Farsvaal 25  RETURN PRpcitis
NODL=NSETIKR FAREVNSI B FARRVIAT
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Table VII-74. Source program listing of subroutine ROTA (Link 4)

= LAREL

CE«KDT FARDTAND
SURRDOGTINE RDTA FaROTOOL

[ EXPRESSES MATERIAL MATRIX IN LRCAL AXFS E£ROTON?
[ TO ADTATE MATERIAL AXES IF NECESSARY 50 IKAT THEY COINCINE W. NIN E4RDTONY
DIMENSION FA[T)4AACEY oS ILIH{A1.NZLIAL), D3R 314 F27(5.2) F4RNTDGA

TP UZ24) JUVERG) XAV IBTQZURL kDI YRUT DL ZO0TH G E4ROTDNS
COMMON 14,48 F4HOTO06
EQUIVALEMCE 1A A4}, (021,033 ,¢D2 {10122}« 102129} .E) . IP2Y 1204 RIRAROTONT
EQUIVALENCE 1LAC1)-IMIL (TAI2)IBR}EIAL3 I ITI (TA{G) IR} I1AIS)y F&ROIOODH

TIPAS ), CI1ACSI ITYPE ) (JA(T) IMATI«{ IATAL,INEGY- 11819}, INX){TAT10)E4ROTONG

ZIHI A LTACILY 185 (TATL2T  IMMA) {TA{13), IMMY o [TALTI&L IMMT I, (1A015),F4RATOIN
BIMFLY 1AL 1A TARED y (TACIT I NC )b (TAI25], 8] 4 TACZE) ITY) [TA{2T)ELRATOTL
GISTRYp (IATZBIyLELT ) (TA129) - ITEM L CTALIN), I TICI, (IAI31) < IMET), F4ANTM 2
SOLA132), 1SUMT L { TSI IMD) LI TAL3G) L IME), ITRIBADLTNST, L TAL3T], ELROTOLI
BIORDY +{1AC3A),IORDT} ¢ 1ACIZIACEL 1ot 1aCA0},JL ), (TAL5T 4020, FaRUTOL4
TUIAIS2] 30 o (IAI53 4 da s (LAISE) < I5), (LAI5B5), 063, 1TATS61ITIIIAISTEGROTOLS
82283 (1AL, JTY I (IA159), IHB) CIACB0) 1ROt 1ALE1) 11N] t {ALAR)ELRDTDLS
OIEAL {1 TAIS3) 10T, I TALAA)AIDYY ((1A16S ,1TEl, (1A74L), [TAR) F&ROTULT
EQUIVALENCE (FR(&4], TLART (I1A1GT) 4 ICIX)AtTALARIICIY I {TA{ATY, ELRMT0LE
LICIZY 4 ITALTO A ICFI L IAITLI BN (TA(T2E 4 1YY I LTACTS1« 1200, E4ROTOLY
ZOIALTAl 1IC)d TAETS ), IDEF) ¢ ITA{761, 15T, I181TTh IIS1 ELROTOZO

By UIA{TA, [GEMI, L1A(T9Y 2 LERRY , [AB 130} . TESL{ARIAII,DI), (AAIRZ} D). E4ROTOZ1
A{AAIB3] ALY )+ (AATBA I ALZ) 4 {AALBS )AL} LARIBA] D21 ) IARIIOTI.PY, FE4RNTO2Z
SEAACLIIL UV ), FAALTISS] X 4 CAATIA3 Y ataAETLY 21 LARLLITR) XD, E4ROTOZA
EUAAILEBE) DY {AAIEG3), 200, (AA3G11,51(A4(40).2GEH} FURNTN2 &
FaLAATGZ)  INP 1L (AR (G3)  IPBGY S [ANTSAT (TPFNY, TAATLS] CONG] « [RAL46) , TUEAROTARS

Y, LARIGTI GLYIVLARLAE) GZ)-(88{49),63) E4ROTNZ 6
EOUIVALENGE {1A1344 1, NTIC)«(1A(343),I50T), (TA1357). 15N a1 1A1346) E4RDTO27

Lo ISO2) s UTAIB4A5], 0904 1TAL34cJI01 (FA1343), PRSI, [TAIZLZ)LUSDY)  EGROTNZE

2y lTAL34L 1 JSDZ) . LTAET40) ¢ JARF) 4 1AL} L JMMN] L (1A (3IR) L IMRY) E4RNTO29

3, 1140337),JMNZ Y 1873361, JMFE], ¢ 1AT 3351, TTAS), (TA(334).1N2] E2RNTQ30

Ly UTAT4330 EPRY . (AA{332] . D6Y ), (RAI3311,NGI1.1AAI320]1.PRES] F4RNTQZ
Se(TATIZY 1PIKD E4RMTE32
DIMENSION BIR(21,51R(3}.DIN[3,315RIAIANI3IXFI31, 08161, QF(6),  B4RMNTNIZ
FRES(H) ¢ REDIA) yBAS(3], JCLARIG]  HBANITO N NU{3 T, NES(3] ELROTO34
EQUIVALENGE (4A120D)  IDNEY 2 (ARL201 ), 10K, (82(P02) . LM) [AAT703) L ASTESROTOAS
TE.(RA1206) IMRONT, FARTE 205 ARED - (481206, ICLA) L TAAEZOT], THELY, E4RNTO36
ZIABIZOB) o IM), (RAT209), 1CH (ANIZLO) L 100N), (RA(ZTL) 1 ANGLE) W IAALZ17) ELRDTOIY
AICASY {AA{2131,1E), [BAL2141,NA) L LARIZTS MR E4ROTC3A

4y (AATP161 IROT), (RA(ZIT),BST) E4RNTD39
EQUTVALENCE [AATZ20)BIAT, 1AAL223)451R) 4 IAAL226]DINY,(RAI2Z357,5RIFARNTOND

Lo {RATZ6T ) o XH Yo LARTZGA] o XF ) (REI24T),ON) IAR1Z53)20F ) IAAL299 ) RFSIESROTO4AL

2y ALI265) +REDY s [AAIZTI ) +BAS I, (AA(2T4), ICLAS ) (EAT2TRIANRAN) E4RDTOG2
Ap(AA(292).NU}, 14812951 4NES] E4KUTOS3
DIMEHSION NEL{Z0»17)-MAC 446 20)« INGIYCI,DN1&.61 24190, 7)4R{8,A1, FELRNTDGA

1CER 21, FFLLY (NSETILOO} MSETCINDY (WIT+31 E4RNTN&5
EQUIVALENCE {AA(LAGO0), FFI. (NO{LI,d9 1y [NLKCR) 4 ML, INULR) - U510 F4RNTNGS
EQUIVALENCE (FFUT1eNELI{FF(34L),MACY IFE (561}, ING), (FFIT51}.00) . EARDTOAT
TCFF(TATY o8}, (FF(1&LTI4B1 (FF(16811,C), (FFI14GT} NSFTI,{FFI1597, ELRNTOGE
ZNSETI4 (FFILETT) W) E4ROTO4Y
DIMENSIUN X11{3).ETA[3),27813) E4ROTOSO
EOUIVALENCE {BINGI}.XE11.(OIMI4),ETAY,IDINCTE.2TA} E4ROTNS1
GIMENSION R{B4AYaTIE] WV {3431,511201.RI12} E4RNTRE2
FOUIVALENCE (ALL) 4R (24371 aTha INIL ST alW 4TI tWIT7,RTI ELRITUSS

c Wil ROTATION IF MATERIAL IS ISOTAOPIC E4ROTCS54
IF [ITYHE) 200,700,9 F4RUBTNS S
L SEE IF SOLIMm E4ROTASE
] tF (ICAS-3} 10,11,10 EGROTOST
10 IF (ICAS=%) 12,411,112 F&ROTA58
< IF SHELL OF HEVOLUTION, DO NOT TRANSFORM F4RNTO5%
12 IF (1CA5-5) 121,200,121 F&ROTOAD
121 IF (I€AS-6) «1.200.41 FLRNTNGY
£ CUMPUTE THE ANGLF BETWEEN BAS AND KSI E4ROTO62
41 A;mSCAL(BRASW AT FAROTOES
c N0 ROTATION IF THE ANMGLE 15 SMALL E4RATOAG

JPL TECHNICAL REPORT 32-1240

is
14

24

23
a2

2y
21

EE)
az

ERY
n
te
19l

2uu

IF t1.,=ABSFIAG)-1.E-%] 200,700,201

MON-50t 1D MATER 1AL AXES ARE {ETARBASIXITA ZTAXAAR7TA
[Cml.

CALL WELT IT.2TA,BAS]

CALL UNIT {T.CLY

CALL MECT IS1iT42TA1

€aLl UNIT {SIL,CC)

CALL ¥ECY (RILSI,T)

oG 14 I=1.3

O 14 =143

HiJd,1)=0.

[0 1% K=1.3

Hid  I3=H{ T I+NINIK. 112V K. D)

CONTINUE

GO TO 16

SULID MATERIAL AXES SRE PARALI Fi Tfl O¥WERALL SYSTEM,
Dol I=1.3

DO 13 Jd=1e3

Wi JI=0INCES )

GU 70 L6

GEMERAT "ROF (RITRANS=(ND] ¢ {R]
00 17 J=1,3

00 17 I=1,3

LERRPRELID SR LY

DD 18 1=1,3
[SERSLLISEYS)
[RESREL TR S

[ REY-] [BETALUIRIY-)
Riaeld=Wil,[IwWi2a}n2,
RIS 1YWL, Ther(3,. 1172,
Hideli=WIZaliviW(2, 0372,

Rl4,4 L 1 YeMi2s2 )W LIeW{], 2}
Al4.5) ILeXI%HI243)+WI2.115WIL.3)
Rla,6 1.7 A0y A+l IZ2, 208WIT .3}
AlSen [EESSENTEFFSELTEF LIS RY-S]

RISaSI=HILa PP {3, 334013, LISNIT, 2}
RIS+ A)=WILa 2t o2, 3)+d (3. 2)%H (1,3}
RUG.aY=W {2 LISHI3 2 1+H T 112002, 2)
Ri&,5 (2o 1)EHI3, T +M12, 1) RN12,3)
RIS 6 =A(2,ZIFNE3 3 14H (3, 2)0H{2,2
DU 21 I=lsb

no 72 J=L.6&

Tidr=6.

DB 73 K=1.6
TIISTLI+0DI T4 AROR )

CONTINUE

D 24 J=1.8

onel.21=T0J)

CONTINUE

I EEPINES S

DO 32 I=l.6

Ttiren.

DI 33 K=1,4
TUIY=TLII+RIK, 11 =0D(K, 0}

CONT TNUE

DO 36 I[=1.6

ON{Iedi=Tt )

CUNTINUE

DIRECTINN COSINES OF NEW MATELAXES IM THE OLD ARE IN Wi3.3)

IF {INP=27 200,19,19
HRITE 0OUTPUT TAPE &, 191, lIR{Esdisd=lfi)si=latl

E4ROTOAS
F4ROTNES
E4ANT06&T
E4RUTOSE
E4R{ITOGYS
E4ROTOTC
E4ROTOTL
EeROTOT2
E4ROTQT3
E«ROTOT&
F4ROTOTS
E4RNTOTH
E4ROTO77
E4ROTQTE
F4ROTOTS
E&ROTOED
E4RDTOAL
E&4ROTORZ
F4ROTOAZ
FaRr(OTOBG
E4ROTNASL
FaROTORG
E4RNTOAT
E4ROTORA
E«ROTORY
F&4R0TO90
FaROTO91
E4ADTHY9?
E4ROTOS3
E4RDTDG4
E4ROTESS
EoRNT094
EGROTOST
E4AOTORA
FuROTCFY
E4ANTLAON
E4ROTLOL
E4RNT102
E4ROT103
FE4R0OTINA
E4ROTLOS
F4RNT104
FLROTLCT
F4RDT10A
E4ROTLOG
E4ROTLLD
E4ROTINL
E4ROTL1Z
E4ROT1I13
F4ROTI 4
F4ROTI1S
E4RNT1LG
E4ROTLLT
E4RNTLLE
FGROTLILY
E4ROT12C
F4ROTI?]
F&«ROTIZ22
E4RDTLZ23
E&ROTIZ4
E4ROTLZ25

FORMAT (20X,5THPOSTMULTIPLY ING MATAIX INM MATERTAL TRANSFORMATINN FESROTLZE

IOLLOWS/{20X.6FL2.51)
RETURN
END

C4RDTI 27
FoROTIZA
F4RNT129
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*
CE43A

C

1tw

111
11z

112

iun
“0n

00
LUl

ToU

156

Table VII-75. Source program listing of
subroutine SAME (Link 4)

LAKEL

M FaSaMDuo
SUBROUTINE SAME FeasamMon]
EXPRESSES STRFSS IENSUR IN [IVERALL COBRDINATFE SYSTEM Fasamnng
DIMENSTON FA(1] . 8A(11.5013N{R)LBZ2T1021),D3303,31,E2213.3) FASAMAND
ToPIA4 VI 24) %08 YA Z (R NI, YT HaINIT I RL{TY FARAMANA
COAMMON Ta,aa FLLAMOOG

EUUIVALENEEIlAaﬂﬂI|(UZL-DBBI'(ﬂ?lIlU)qF??ﬁvInklIl?)»F)'(DZlI?OI-GIFASAMDﬂb
EQUEVALENCE (TACLI <IN A CEAIZY  IRNT o LIAL3) A 1T). 11804 IP] (1A, FaSAMOOT
TIPRSY I TATS ] ITYRE ) L LTALA Y IHAT ) LTALA) L INEG)y [TALS) W INX], (TALI0) FASAKONE
SIA L ITACLY ) IR D1A{ 2 BmX Y, (TAILI) L EMMY ) 1AL 0] IMET] (TATLS) FasAKDNG
ATMFD N, (T&CLAY S TARE) L {TATLT), M1 ), (1820 )M, {T8(R6)IT¥ ), (LAY, Fasamdll

GISTRYVOIACZAY S TEL T Y4 A2 e ITEMI W LALBUN ITTL L IACAL ) IMET T, FeSaMnll
SUEATIZ) 4 ISUMY S L AL 33 I [TA{A4)  EMS) L ITALIHNINS] A1 1ALATI, FASar0l2
GIARD N, (TAI3AY L INROL D CVA(SYY LACEL Y I TALSOL A1 4T TALS] Y, A2, Fasanala

TUTACSZ] 43 o (FAUS3 .0 1180540 JB) (0ALGS) .60, (TA(SEIT) A ITAISTFARAMOLA
BladBha (IAISR)AITY Ly 0 TACSD) yIRK)  [1AJBOY  IRM a0 LACAI) 4 TIH)  [IMTRP} FARAMDYS

FIEAY T IALG N LT o CTALSET IDY ) LIATAST I TE) Wi 1ALALYTTAPY FASAMN1 A
FULTVALENGE 1TA166],TCART . TTAGAT )L ICTX) L ITA0ARY,ICIYY i lAfag], FaSamnyy
LICIZ)fTALTON  ICFE o (TALTL L IXX 1, (AT 1YY ) L IA (TR} 13T, FOSAMOLH
ZLTAITA1LVIC) (1A(T6YLIDEF), (181761, 15T {14{77). 115} FeSAkDLY

3 (IA(TBI IGEM) LIALTO N TERR ) (ARIBON TR} {AALBL 0T e CAATHZ 34 URY, RASAMNZQ

ALAAIEZL AL LY IARTEBGY v ALZY TAA{ RS 4 AL 3]y tAA(RAY ,AZLY 4 {RAITINTY P, FASamnyl
SEAATIZL g UMY L LAATTSS )4 K)o TARTTAB] Y ), (AACITLYVZ] . (AALITO),XN), Fasamnrz
BLABLLBATLYRY, LARIL93) 20N, (AA{35L ) S ), (AAISD],2GFM) FREAMD?I

TalAalaZh o INE), (AAT43) 2 IPRG]I(ABT A4} s IFEN) 2 (BAT45 N, COMS s (AMTART S [HEASANOT &
Biy (8A(&T), 61, (401648} ,G2], (RA(44),03) E&SAMDZS
EQUIVALENCE (1AIZ4Y1 NTICI LEAI3GRBY,ISNT )2 I TALIATHLISNYI, {T&(3AA) FASEHDZA

Lol SNZTp CIATRES T d9 ), L1AE3a4),J10) 4 ITA{243} 4 JPREN, ( 1A(342),05PY) FasarO-7
Pl ALY 4 SNTY I TAI340)  JARE], T TAT339 ), JMME] . (La (338}, amay) FLSAMOAH
S lIATAAT) o JMMZ ) TATI3A]  JMFT N (EA1335] .1 TAS) 4L TALBRGY 117 ) FaShMDZy
GalIAIZ331, 1PAT {AAE332),06Y) . (A2 13313, UG ), {4R(330},PAFS) FaSaMnin
Sy LAI3RY],IPIAY} FaSamMn3]
DIMENSTAN BIRI2).5IRIZ1,DIMI3,3) 508}, XNIA)LKFL3) 0N R . AF(5), FaSamnaz
TRES(A]LAER{ A).BAS{I ), ICLASCG} NBANIIOT NI, NFST3] FaSmMn33

FOUTVALENCE (&A(Z0C) , IONE) (ARC201 ) ICH) TAALZNZY, LMY {AN(ZO3) ASTEGSAMD IS
132 0A80200 1« INBANT 2 (ARI209) (ARE N ({ALIZ06G}, ICLA) 4 LAAL20T], IMEL ], FASAMOAS
BIAATZOB) 1M} (AAT209),IC) 1A (2101,1COM)  (AAL2ILT JANGLE] 4 (AA(212) ,E4SAMD2S
SICAS) LARIZYAN, 1) I AA(ZTIG)NE ) LAAT2L9)4MB) Fasnmoiy
Sy FAALZIG), IRDT).{8AT2171,85T) F&SAMNIA

CQUIVALENCE [AAM(Z2R0)-BIRI{AATPE3),STRILTARIZZL),0IN), (AR12351.5RIF45AMDRG
Le{AACZOLY XEN) o TAATRAR) XF) (ARI24T) . 0N, (AR I253)-0F) (AR I25Y) \RES)F4SAMIAT

2+ (AA(2ZB5 1 RED}, (AALZT1].BAS ), (RAIZTEY L ICLAST. LARIZTH) .NAAN] Fagamial
34 (AATR9Z 0 NUY L TAR{2S5] MES) Fasamna
UTMENS TR NELI20,17) o MAC (40422000 INGLYD) MDAy A) 4100, 7] (HIR.R], EGSAMDAT
LLIBYZ) W FFIL),NSETEI00] «HSETILOO) 4K (3,43) E4SAMD GG
FOUIVALENCE [AAILGDOOIAFF 1y (MUTTT o P d, (NUIZ2Yadmd ). EMUI3) 0501 EGSAMO4S

EQUIVALENCE IFFILI4HEL) A IEF13411 2 MACH , IFFI66L) +IRGIIFFITS1) MN), E&SAMOLY

LLFFITBT ) B e {FFIL4L T4 Bl IFF{ 141 )2Cl.FF{169T) - NSETIAPF{1597], F4SAMOAT
ZMSETI, IFFILBST) W) Fasnmoea
EQUIVALENCE [MESILI2ICOLIINES(ZI+IRIGITMES(AY, IDR) F4SaMn4s
DIMENS TON DIMMI3, 30, DMMME3E, 3 EaSrmnsn
EQUTVALENCE (A(LIDMMY2 [ AL10 ), DMMM) EL5AMO5]
MD COMPUTATION IF OVERALL CONRDINATES &RE TOEMTICAL WITH LNCAL ExSamg52
TEST=7H & FiSamns3
IF [BST-TESF) 110,1000,110 FaSAMnSG
MO COMPUTATION IF IT 1§ & SHELL POIM) FaSamMnss
FF (1CAS=4)1 Y1L.111,1000 E45AMOSH
IF IF IS & PLATE MOTE THF SHIFT IM RFA VECTUR R4 SEMOET
IF (ICAS-2) 112,113,112 EASAMDGE
BMMI1,1)Y=REN(L) F45aMn5Y
DMM{] ,2)=REN{3} EaSamnan
DMMIL,31aREDIS) FaSAMIA]
DMM( 2,23 =REN(2} F45AMDH2
OMMIZ.3)=RED A EASEMNLS
UMML3,3}=RED(4] E4SANORL
GO TO 114 E4SaMOLS
OMMIL, Y =RED(4) E4 S8 MO 6
OMMEL,2 JaRED (6 EaSaMnsT
DMMI2.2)=REDIS) FaSaMOaR
DMMILe2]=0. ELSAMNAG
OMMLZ,3)=0, Fasamn 1o
DMM{3,31=0, FaSamn7l
OBTAIN THE SYMMFTRIG PART F&SAMOTZ
DO 200 11,3 FaSamn73
D0 200 4=7,3 FaSamMOTe
DMMES, EI=0Mpi ], 0] E&45AMDTS
PERFORM THE TRAMSFURMATION USING THF DIN MATAIX FasAMaTE
na 400 §=1.3 FLSamOT?
N0 400 J=1,3 FaSaMOTE
DMMMI | J)=0. Fasar0ty
DU 200 K=1,3 FiéSamOun
OMMMEL S I=DMMMIT o 34 DINE T K JRDMMIK, J) F&SAMOR]
CONTINUE F45AMOAZ
nn A00 T=1,3 EGSAMORD
DO 600 deie3 F4SaMOBg
TRMIT, 0 =00 EafamMORS
DO 500 K=1,3 F4SRMORE
DHMUT, J)=CMMET  J J4DMMM LK PFDINE J K] F4EAMOAT
CONTINIE Fa3aMORA
REARRANGE SR NOTING THE SHIFT IN PLATE CASE E454AMNDAG
1F 1TCAS~2) a%D, 700, K60 ELSAMNGD
SRULI=q. FaSamo9l
SR(2}=0. Eafamae
SRiz2i=n. Falamngly
SR{GI=DMMI1.1} E4SAMNG 4
SHIS)I=0MHI2,2) E4S8M095
SR{G}=DMM{L,+2) FASAMNYE
G0 TO 790 Fagamnag
SRO1YanMMiY, 1) FLSAMOSR
SRE21=NMMIZ,2) FasAMnaa
SRIO31=0MM{3, 3]} F4SAMIGD
SREGISDMMIL,2) Fasaming
SRI31=DMMIT, 3} Fasamios
SRUBI=DMM{Z,3} E4SAM103
HRINT THE RESILTL amiy grTiny E4SAMIOSG
WRLTE DUTPUT TAPE Byl ICMyAST, IMET  ICAS,ISRITY, I=] .6 FaSaMInG
FORMAT {[54nLsla115,3X.6E15.5) E&SAMIOG
RETURN FaSAMIOT
EHD Fusaming

*

CEa5CL

<
C

Table VII-76. Source program listing of
function SCAL {Link 4)

LAREL

FascLann
FUNCTION SCALICIR,n1R] E&RLLOMY
FERFORME SCALAR VECTOR RRODUCT F&sCLOong
TO O8TAIN THR SCALAR PRONULCT OF VECTARS CIR AmD DIR ON SCAL E4SLLOO3
NIMENSION CIRI31.DIRE3] FasCLONG
SCAL=LIRITIANIRILI+CIRI2I4NIRI2I+CIRI3INIR{ 3} E4SCLOOS
RETURN FaiCLpns
END F4SCLONT
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Tuble VII.77. Source program listing of subroutine SETA (Link 4)

* LABEL
CE4SET ELSETOND
SUBROUT IKE SET& FASFIODL
c GEMERATES STR&[M-UEFLECTION RELATINNSHIP AT & NIDAL LINE E4sFTONZ
UIMENSTION T&{LJ,A81L,STIDaN(B1,D21E21)R3313,31,F22{3.:2) E45ET003
1+P 124 UV LZ4 KB e I2), 20 XDET) YT L2D0T) G101 EGSETONA
COMMON 1a g7 FaSETO0S
EQUIVALENCE( TA,ART4{DEL,032), (DZ1(1014F221, I NZL{19).F1.ID2TIZ0Y,GIFLSETOO6
EOQUIVALENCE {TATLI NI« tIAT2) - 18M1 (1AL BT o IRL4), 1P}, (TALS), FasFrTon?
TIPRA]) 4 L1A1EY L ITFPEI 4 ILALTH yIMATE (TA(RY L FNERY, LIA(S) TR} ITALLO) E45ETODR
ATHI CLATLL, TR (AL N2 b IMMX) 5 CTALL3, TMBY )y TACLGY 5 M2, EIAL15) FASETDOY
FIMFI}, ITAL1A 1, TARE}, LLATLTYsHI1T < [18{25), M) I TATZ61 1Y), LRIZT),EASTTNIO
AISTRY L {1AL2ZA). IELTH, IFAIZQI TIEMI { 1A(30).1TIC). LTALII)IMET), F4SETO11
SE1A(321, ISUMI (TAI3A} INDI A7 1ACHad  IMSTL (120360, TSI 01RE37), EASETNLZ
GIORDY 4 L1ALER 1, IGAOL I (FA(BY L ACEL Ja I [AISD) 1, [TATSLY A 2]y F4SETO13
TELALSZ2Y, 030 s LHACE3E, il {18[54),35] 0101551050 (TAI561. T 4ITAISTEGSETOLS
S1adB)  LIRISE L, T o iTALSSI IRN) 4 (TALACT,IBN). (1AISII, TIN) ¢ [FALEZ) EESETOLE
GULAY, ITALA), IDT) 4 [1ALE4) I0Y) ((TALAS]TTEN(TAL41), ITAR) FaSETOYE
FOUIVALENCE {TAfAA )1 FCARY IIAISTI-JCINIL(TATARI,ICIY  L1ALE9), E45FTOLT
TICEZ p U1AT7D0, TLEL Ly CTACTLIF I (A TRAIT2) VY W [IALT2D. 1221, F4SETOLR
ZELALT6 IIC . IT81TB)  IREF ) T IAITENISTI{1A{TTI,4ITS) E4SETOLY
3, (TA78) 4 IGEM). T8 ETO) TERRI 4 CARTEO ) TEN (AA(BT)},NTI4LAAIRZ),0G), E4SETO20
&4AATRI) ALL I, (BAISG) . AL2Y, (AA(RL},AL3) (AA(BE)}.NZL), (AA(LD/Y, P, E&SETOZ]
STARLYTLIGUV] (AR TSS ) X1 {AALTABE, YT (RATLTLIAZ}, 1AR{T 3] 2R, F4SETD22
AEABCIAS ), Y0, {AA(19314201,(A8(351),8), 1AAI4D]IGEN] FankpTo23
TolhE142],INPY, [AA[431, [FBGE, (AAIGS}, IFEN] 4 1ARLSS) (CONSY . (A8 L4AT L TUELSETO2S
Bl AAT4TIeG1) - {AR{GE),62 . (AN 163 EaSFTORS
EQUIVALENCE (§A0369) NTIC),(TA(3481,150T) . (I1A1247,150Y )¢t 1At340) E4SETO2E
1y ISDZFa I TALS45 ] J9) o (T8EF44T, 0101 LA1342) . JPRE], I TATI4Z1,I50T) E4SETORT
2 UIRT3G] 34 S0 (1ALT40) 2 JERF ] {TA[I3TT, MME L LIAT33R), JHMY]) FLSETOZB
3 (1AI337},JMME ], (RTS8 JMFT I, (1403350, TTAS 1141336}, 1N2) F4SF 1029
4, (1803330, PR, (AAI3S21.DGY 1 (RA(33LI,NGE]+tANI 3300 PRES) FRSETO30
SellAI329), IPIR] FusRTOIL
DIMENS IOM BIR12) STRIB)DIN{A,3] 4SRILILENI3) XFI3],BNIAYJNF(6),  EGSETO3Z
TRESIS 1, REDIS ) BAS I3 IGLASIA ) NBANIIO)} N3} NESI3) E45ETNI3
EQULVALENCE (AA{200) «TONFY, 1AR (201, TENT (ERAIZD2) LM}, (4812037 ,45TF4SEFO3S
11 {ARIZ206) , INBON] , [AA{20% ) AKE N« (AAT 206D, TCLAY . IARIZOTI TMEL ), E45£T03S
2IAALZ08)  IM) L (RAE209), T0Y 4 1AAL210] < [CUN] ({AALRTE I ANGLE ) {AR{F12), E4SETORS
AICASY, {AAIZI3 N IE) p{ARTZLAT MY, (AAIZLS) MY E43ETO3T
Gy (ARIZ18) TROT I (RA(ZTIT1,BST] E4sF103%8
EQOUIVALENCE (4A(Z201 AIRY, (AAIZ22),5IR) . [AA{22A],DINILIAR[235] ,SRIEASETAZY
Ly CAATZGL Y9 XNY 2 I ARI2GAY o XF 1, (AAIZGTI(BNI, (&A(263),0F | (AAI259) (RESTEASETNGO
2 LARIZG5),REDY W (AMIAT114BAS), (AA{2T4)1, FCLAST. (RA(ZTA} NRRM] EaSETO4]
3, {AAL292 LN LRAT2Y9S ) HES) E4SETORZ
GIMENSTON NELIZ0, 171 MAC LA (4,200 ¢ IWGLAD) NN IAR}AIS0.T),BIB A, FaSETOLD
1CIA 21 FEILISNSETI100)4+MEET{100],Wl3,31-NCARTIY EASETN 4G
EQUIVALENCE 1AAIL&0D0}FF)  INUET ) JPLY o (RO ) JMI 1L (AUT3]J51 ) E4SETO4S
EQUIVALENCE [FF{13.NELE, {FF {3411, HAC) A (FFI661) ¢ INGIIFFIT21),D0) . RESETOSA
LEFF(TOTI A)  IFFIL&17),B) (FF{1481) 401y (FFCT2YTENSETY, (FFO15GT], E4SETO4Y
ZMSETI{FF(LHIT)I WY Fa3ETOGH
AIMENSIDN UL3,5),COISI 31 CROTIET BDOISIA]DROTI2YREORIAY,ZFA{A} FASETOAR
EQUIVALENCE (X411, UsDCORI i X041 ,COISE, (XTI EROTH 1IN0 DONSY E&5ETOSA
11%413),0R0OT) . {OCARHF} F4SETOSL
EQUIVALENCE (NES{2)+1COL}-{NESI2),TRIGY, INESI3],IDRILIDINGTIL2TAY E4SET052
4 INITIALIIE FLEETOR3
TELT=IELT F45ETO54
IMS=NELITELT .51 FGRETOGE
C GENERATE STRAIN-DEFLECTIAN FOUATIONS FOR EVERY NNDAL LINF FLSLTO5E
00 12 11=1,1m8 EASETOST
K2MELCIELT, [I+8) F4SFTNS6
LF IK=ICN) 13,1213 E4SETOSY
[ FIND RELATIVE CONRDNTS.AND NEFLM&.OF NMDE K IM OVERSLL SYSTEM F4SET040
13 CHLL FINDXIK (XF) F4SETN6]
CALL FINDRI{K.WF) FLSTTRAZ
o0 Lbl I=1415 E+SETDS3
161 W11r=0, EGSETOARG
DEOR{L}=XFiT}=-XNI1) E4SETORS
DEGR{ 2V =,F{Z]-XMN12] FaSETOsE
DCOR T3 IaXFL3Y-XNI3) TasFTom?
IDEG=I0EG E4SETOAA
m 14 I=1.INEG F4SETDAS
14 RFD{I)=QF(TI-QNIT) E4SETOTR
C SEPARATE DEFLECTIONS IMTO DISPLAGEMENTS AND AATATIONS E4SETRTL
KS=0 FaSETOT2
KB=] E4ZETOTS
[F (1CAS=2) 16.15,14 E4SETOTS
16 iF {IC&5-5) LB,17,18 FLSETOTS
13  K5=% F4SFETNTS
o 10 148 F4SETOTT
17 KB=3 E4SETOTH
Ks=13 FaSFTRT9
14 DU 19 [=1.1NEG FLSETAAD
1K=l F45FTOAL
1F (I-KB121,20.20 F4SETORZ
20 IRSLSKS ELSFTNAZ
21 JFIIK-3) 22,22.23 F4RFTNRA
3z CRIS(IKI=GALD) FLSETNAS
ROISEIKI=REDIT E4SFTORSL
co 1019 E«3ETOAT
23 IK=IK=3 L4 SFTNAR
CROTIIRI=ONCT) F4SETARG
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27

2y
26
24

3l

32

33

37
3¢

4%
L]

47
&l

L1

50

&7
571

5y

897

&0

DROTI LK) =RERLT)

LONTTNUE

TRANSFURM COORDNTSAND DEFLNS. IMTH LNCAL EF NECFSSaRY
IF LIRUTY 2542425

RO 26 Je1g5

Doo2v I=1.3

SIR{T}=0.

D 28 L=1.3
SIRIII=SIREDI+DINIL LTI *ELL e}
CUNTINUE

Do 29 1=1,.3

Ui, d1=SIRITI

CONTFHUE

1CUN= LR+

1cOL=1cCoL

COMPUITE THE LENGTH &ND THE WWIT YECTOR OF THE NMUDAL LINF
DCARLIY=DLURILI
DLAR(2Z)=DLURIZY
DCAREAI=DLOR(3!

ClL=1.

CALL UNMIT(DCAR.CLI

GENERATE LEFTHAND S10E

NE 30 i=1.1C00

T1=1

te=1

I5=1

GO TQ {37-537+31.32,33.3¢01,13

I1=1

122

GN 10 37

11=2

12=3

GO TO 37

=1

12m3

Ga foO 37

11=2

Iz=3

AUICON.II=0CARUTLI%DCARCIZ)

CORT IRUE .

SET THE UNIT VECTOR.IN ZTh DIKECTION 1IN THE SYSTEM NF DCOR
RED{1)m0,

RED{2}=0.

RERiI2)=1.

GENERATE RIGHIHANG S1CE(S})

IRIG=1R1G

oo o0 [=1,IRI1G

1CL=1CaL+]

[F 1I-1) &5,45,50

IF 1L1DR) 5Q.46.50

LINEAL STRAIN CASE

£C=0,

IF (DT) 47449,47

IF {ITYPE) &B.%7l.68

CL=ALL=DT

G0 49

CALEL TEMPILC)

LC=CL*DT

A{TCON, [CLI=SCALILLTS,0CAR}/CL-CC

GO TO &0

CHANGE UF CURYATURE CRSE

CC=0.

IF (DG) 57,.59,57

TF (1IYPE) 528.571,58

CL=8LL*DG

GO TG 5%

CALE TEMPLLL)

L=CC*BG

DC=SCAL IDRLUT4NCARY

Lo 5%z J=
DROTLI
CaLL VECT
ne=1.
CALL UNITISIR.NC)
DC=SCAL{SIR,UROII/CL
AfICON.ICL=0C-CC

CONTINUE

THGE ICUNT=)

MR=MB

1F [INEDN) 71,70.71

no 72 I=l.MB

IF INBRN{TII=R)} 72,473,727

CONTINUF

60 TO 70

TWGITCUN=10

IF (INP=2] 12461461

WILITE OUTPUT TARE &4625 [CHMaKe [ATICON.J) d=1477 4 IWGUICONY
FORMAT {I15.3%,2HTO,15,5N,TF13.5.15)
CONT INUF

RETURMN

EMD

011J41-DEKDCAR T
(SIR,RED,+NCAR)

FaSETN90
FASETRTL
FasETOSZ
E4SETO93
FLSFE TG4
EHSFTORS
FLSFTOG
EASFTOR7
E4S5ETOSH
FasETAes
FLSETIO0
F4SETIO]
E&SFETIN2
E4SFTIN2
E4SETING
FalETIOZ
FaSET106
F48ETIO7
FaSETLOR
FuiETING
EaSFTL1O
FRSETL]L
F4SETL12
FGiETI13
FASEille
E4SETILY
FASETLLA
F&SETLLT
FaSETYLR
F4SETL1G
FLSFTT20
E45FT121
F&3ET172
FasETI23
FaSET1 i
Fa5FT123
E4S5ETL76
FGSFTL127
FaSETL?8
FLSETLIZY
F4SETIID
F4SET]3L
EASETIAZ
E4SETL33
E45FT134
F4SETL36
F45FT134
FaSETL3T
EGSET1348
E4SET139
E4SET140
E4SFT14l
FaSETLé2
ELSETI43
FASETL 4G
EGSETLAS
E4SFT1 a6
E4SETLAT
FLSETHEY
Fa4SFYlcg
F&SET150
F4SET1S1
E4SET152
E45FT] 53
FLSET1GR
F4SET15%
F45FT1%6
E45ET157
E4SETLIA
F4SEY159
C4SET16N
E4SFTiaL
E45ET162
E4SETIAY
£456T1a4
FAaSETLAG
FLSETLAL
EASETLAT
E4SFTI4E
E&SETERD
F4SETITO
E4SET1T1
EASETIT2
FLSETI?2
F45ET174
E4SET1TS
E4SET176
E4SETI?T
FASETITE
FaSFTLTY
E4SETIHO

157



Table VII-78, Source program listing of
svbroutine STRA (Link 4)

" LAKEL
CEaSTA F&5TAOON
SUBROYTINE STRA F&RTANN]
T CODRDINATE TRANSFOHMATINN FNR STIFFNTSS MATHRIX F&STAOGE
DIMENSTON FATL1, BATLY,SEX ) MIRY, D221 14D3313,73140221343) EaRTADN3
LyP 1240 UVEZ0Y XIRT, Y IR)  ZON] L XD0T] YD T ID(T] G111 F4STonn4
COMMON 14,48 E&STAONY
EQUIVALENCEL 18,481 (D2L.N331 {21110 «F22) ID2LIIF).E) . (DZLI20)4GIFLSTADNS
EQUIVALENLE {IAIL)2INI,ETA(ZI BN, ITAISI ITI«{lAIS), 1P (TA{S], F45TADDNT
LIRRS) s ITAEEI, ITYEF) o [LAfT) pIMAT) ITAIBIINFEG), (FAIR) INK}((TAILD!,F45TAODR
2LHY p CIACIL o IR U TATIZ2 o IMMY o CTALI 3 [MMY by | TRULA] L IMMZ) L [TATLS),FasTADNG
SIMFI 4 ITATLE] o TARE o fTATT7 1 NEL I, (TALZS) 4 M) L [ FAT2AI . TTY ) ITRIZTI.FaSTRONO
AISTR)«TEAIZRI L IELT)  (JA(29 . ITEM) L ITAI30] L ITICH, {TAL31) 4 IMFET), E&STADTL
SITAI3Z) 250M). (184221 08D ITAI36]iRST(1AL36)105)(1A137), FLETADL2
SIORGY, ETAIZR], IPROIY. L1A{39)  ALFL 1. L1A{507,J101, (1a151).02), F4514013
TULAIS2 U3 a l1AIS3 4 dabu ITAI G453 el AIS5] e bhd e [TATSA)N,IT] 4 IA(BTFASTANIG
Bly JH) w CTAISHD G JTY N A TAISOL, (N3, LEALAD) W 1RO, (TACAT} . TID], { TATA2).FasTADLS
GIIAL 0 IAIOT )  INT), (FalA4], DY) I TAUAS) L ITES ETAL41).ITERY E4RTADIS
EQUIVBLENCE (1816851, DCARI (TA(BTIZICIX){IALABT, ICIYI I2AT69), F4STAQLY
LICIZ)Y o tIAETO W ICFI o CTALTE L i X Do LTRIFZI, TP N TALTRIL 172D, gasTanla
ZEIAIF&L EIC ) 0 TATTS ) o INEF b S IALTA ), IST)a L IAL77), 115} FasTA019
SaCIRCTHI G TGEM ) L (TALTF) L TERR) - AALRGT TEN o (AATRL) A GT)a LAA(RZI DR, E&STADZN
ALAAEAZY ALL ). 1AAIEGT ALY IAAIASI QAL (AAIEA] 0711, (AATTNTY P, F45TANR]
SIAATIAL UV I RATISSE X2y IARTLAY, T IAACITI}aZ) 4 TARTTTOY YD), EASTAQP2
SLAACLIES] YD LARILID3) o ZD} 1 AAIDS1).S5) 4 (AR 1AD), 2REM] E&STADZ3
TalAA(aZ ] sTHP 1, AALATY L IPRG)Y, [AAL44] JIPENT o {&8(45) 4CONS) . (441461 . TUESSTADPG
) IAATSTI G, LAATS4R)G2) . LARL4D]) (631 FasTan?s
EQUIVALFNLE [T£1349) NTICY, (TALZaR1, IS0T 1 {TA(347), (3DY), (IA13481 FASFAOPA
LelSDZ)utTAC3GS) 4 d9) o (TAE344) 2 10b (TABA30 MRSy I FATI42] ., JSNY) F&&TANZ?
Py (TAI3&10,0S0T), (TAIUZ40) e JARF I LIAT330), JMMY ], (1AL2358), MRy ] FLSTARR 4
B UIA(337),IMMZ ) (TAT336), IMFTY ITIAI335),ITAS). 11A1226),1071 E4STADZ9
GalTAI33T), IPR)I-AALIZZ1NEY )L IRAI331! .G, {4A(3301,PRES ) E457a030
5+ (IAL225Y,IPIR) F4RTAGH1
J==1ns E&5TAR3Y
00 5 Islying F45TAD3S
FLNEY fuid EasTaniy
CaLL TH&N (15,0) EaSTAQ3S
El CONTINUE EeSTANTA
Tagp=-103 Fag1a037
IEBR=-1DS F4STADSA
a6 1=1,108 Fa5TAD29
TABR= 1AAR+] E45Ta0u0
14B=148B £43Ta04L
1ERR=IEBR+IDS Fesianes
[RE=LERR E4STADST
nn 7 J=l.Ins Fas TAD GG
1a8=18B+105 FaSTADG
1BE=1AE+} Fa5Tanes
1F ITAR-IRE)N 7,7.13 FaSTaDaT
L3 IEMP=5{[BE) FaSTATLE
STIREI=371ARI FASTADGS
SITER}I=TEMP EGSTANSD
T COnTINUE E45TA0R]
A CONTINUE E4STans2
d==1D% F&5TANES
00 & I=1,1n§ FLSTANSS
d=ae s E4STANSS
CALL THAN 75,0] F4STANSS
3 CUNT IMUE F4STANGT
RETURN E45Tan53
END E4STH059
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Table VII-79. Source pregram listing of
subroutine STRS (Link 4)

" LAREL

CFasSTR FeSTROOG

SURRUMUT INE STHS £a5TRON

c COMPUTES STREESES FROM STRAIWS FasTRONZ
OIMENMSTON TATLI ARILI,S000,N{H),D2L{2L).,D3313,3).E2712,31 F45TROODD
LoPU283 2 V(RG] o X (B Y {82 ZIBI XD WY ITY 2007610 &S TRNN4
CHMMON TA AR EASTRONS
EQUIVALENCE LA ARY, (NZL.D33),(N21010).E221 (V21015014 F) . (D2L{20),GEaSTRONG
EQUIVALENCE [TALI) AN}, 1 E&12F, [RM), (1A(3]1+ITIat1At4Y,IP),{I&(5), F4STRODT
TIPREY TDATA N ITYFEL o i 1A( T IMAT) o CIACBIWIDFGY LTAISY  THR ), (FAILO} LF&STRONK
ST IACET o JAY S ITAILR) MM LIATLI N FMMY I, (TRILG),IMME) . (18{15)FA4STRONG
FIMFL D (DAILE)  FAREL CTADITI NI ) {TALRS)  ME L ITAL2483, ITY),1TA1271,145TRNO
GISTRYSILAIZBI W EELTI, (TA1281, ITEM), (T&1301,ITIC), (L AE313 4 IMETY, EaSTRO11
SOTAI3Z) e ISUM], CIACE3), INDY.(LAL34) 1M1, (TAI36)«i05Y,i 14137}, FasTROT2
GIORDY LLRAIIBI o IORDI ol 14439} ACEL Jo i TALSO i ba{1A(STY407), FaSTROL3
TUTATSZ),03) 5 ITAIS3] cJ6) {18154 S 1o tLAISS ) Ja) o LLAESA) J7F - (12{STFESTRDIZ
BlpdBg ITRI5B),JTV IS ILAISS 1. 1BB1 CTATAN]  IBD)s (JAC61), 1INI ¢ 1ALRP ), F4STROLS
STIAY,ITAL63) INTI.ITALeal 1DV 1ALASY, ITF) {14161}, 1TAP) FRATROTA
EQUIVALENCE [1AlAS] TCARY ITATAT h4ICIX) S ETRLERIZ LT YN, (TATAS). FASTROLT
LICLZ Y (9ATZOTLF ] o0 LACTLI XX ) CTACTZY L EYY LA TR ITRIL 172D, FuSTROIA
PUIAITGL, TIC)H, I TAITE) IDEF LA i TAITBY ST L IFRITTIL I8} FaSTROLY
3.41ACT2), IGEM) 4 ITAITG)y TERAD, (AAIE0},TE} . (AALAL) (DT (RA{HZY NG, FLETANZO
GOAATEI) ALY 14 (RATBA}LALZ) (I AATAS I AL [AACHEIS N2}, {AALI0TI P, FeSTROZ]
STAACLBY I UV (ARTIGE) K)o (RALLEB] Y o lAAILITL )70, LARLLTS) K0}, FaSTANPY
BIRATLIBEY YD1 EAMI1Y3)  ED), (AACASL ) 5] tAaTag )  7GER) FaiTaAn?3
T TAACGZY G INP ) (ABLGAY IPRG] (AATGH ) IPEN] v L AATES ) 4 CONS I, L AR 4R}, JUFGSTRNZA
BY NAI4T 1 GI ) {ARLAH) G2 1, (AAT 4D} G2} FLSTHOZY
CEQNAul FACE 11A1249) NTIC)H, (I413485-150T1. 014134201, 150Y ). (1A135A) F45TROZA
1. 358200 (1R(365 ), J9)  ( IAL344), 0100 ¢ CINE343) (APRS), (TAL342),JS0V)  Fuilap2?
2ot TALIALN o dSDZY o (TRL340) y JARE 1 1 LALI3Y) , IMMY ) L { 1A {IAR) , JMEY) F45TROZE
Il TBU33T ), JMNZ ) (2AI338] 0¥ 1) (1 1AF335), TFAS). I IA(324}, 102} F451RNZY
Gyl TAI333 1, PRI TAR{3321.DGY),{241331).NG2){AA{I30]PRFRI F&5TROAD

S¢f 1413291, 1PIR} EaSTRO3]
DIMENSION BIRI3T,SIR{3]DINI3,3)SRIGICENIIXFI3)0ONIG)OF LA}, F4STROZ2
1RES(4) (RED(6]1,8A5(3) 4 ICLASI&] (MBANTITO) NI{3),NESD) F45TRO32
FQUIVALENCE {AA12001, IUNFI4(ARL2DT ), ICN I, (RN LM), (281202}, A5TFSSTRO3S
112 (AAT2041 y THRON) 5 INA{205) LARE L 1ARIZ0E] +TCLAN (RALZOT )« TMEL) ERSTENAY
PLAAI20B} . M), (AAL209} .10}, (4802101 TCONI A 1ARIZ11 ) 4ANGLE], IAAIZ17),FASTROES
BICAS), 1481213}, 1F ). 1ARIZI4)NHI.{ARIZLS] MR} F&5TROBT
4y (BA(2YEY,IROTI L LAALZLT1,BST) Fa5TRO3Y
EQUIVALENCE (AAIP20],BIRY, (AA1223}.51R), (AR1ZPE}NINI (AA{PI5] (SRIFLETRNZG
TpdAACRULT g XN g (ART244) XF ), (ABL24T ] ON) ¢ {AALZS3),0OF I« LARTZ59) 4HES ) FASTRO4D
FylAR(RAS Y4 REN] L {AR{27]1),B4S), 1AA{2T4], ICLASY »LAAK2TRE) L NRAN] F4STRMA]

3, (4812921 ,M0), (BR1Z96)  NF5I FasTR04?
DTMENS [ON NELI20, 171 HACLG«%520) 4 IWGIS0) DD I&.6) L A190, T)R{A.AR}, E£45TROG]
1C0B.2)-FFIL1}.NSETILOOYMSFTITO0], W3 EaSTROSL
EQUIVALENCE [AAC14D00) (FF ), (NUCL)  JRTH.{MULZ) UL I, INIT3) 40S1) E&5TROGS
EQUIVALENCE (FFE1)4NELY, (FRI3411,MAC) . IFFLABLY, INGY (FFUTSL). MDY, E4STROAR
LiFFIV8TIpA) e dFFI141T) 4Bl {FF(14811 .01 (FFIL6GT 1, NEFTI, (FF (15971 FEASTRAGT
ZMSET) 4 (FFI1649T) W) FASTRN4H
EQUIVALENCE {NFSILI1,ICULY, (NFS(Z) THIG), INESI31,IDR) F&5TROGY
4 COMPUTE GEUMETKIL CONSTANT F&5TRNSO
lcaL=1Cn: E&45TRNG)
IRIG=IRIG FagTROGZ
CM=TE FASTHNBS
1F 11CA5-31 1.2.3 FasSTRNS 4
3 1F 1ICAS=4) 1,2.1 F45TRN5S
2 Chal. F45TR0SG
L THITIALIZE STRESS 4REA FaSTROST
1 DG # I=1.6 EcSYADSR
4 REO{IY=0. FaSTROS5Y
4 COMPUTE STRESSES EASTROAD
nN 10 J=L,IRIG F4STROGY
nn 15 r=1.1C0L Fa5TANsE
TJ={J=11%3+] E45 TROAS
DO 70 K=1,1C0L FLSTHNGS
20 REDITJI=KRIN(TSI+00(1,KIeCiK, J1eCm FaSTRNLE
12 CONTINUE EeSTROAR
CH= CHsTEsTE/12. FASTROAT
e CONTINUE FARTANGR
4 MUDIFY THE COMPUTED STRESSFS WITH THE PRFSCHIMED DNES 1F ANY E4STROSS
TF {1NRON) 34.33.34 EL3TAOTN
34 KEG=) F4ASTRATL
KEN=3 F&RTROT?
KSH=1 F4ETRNTS
ILAS=IGAS ELSTRNTS
GO TD (61 ¢H2,hY 1 bb e bBobb b1, AR ICAS F4STRATE
62 KBG=0 ELATHOTY
KEN=& FasTROTT
GO Ta &l FLSTROTH
h4 KEN=S FASTROTS
GU TU &1 FASTRARN

649 KEN=1 F4STRDAL
GU T8 &l E4STRORZ
bh KEN=1 E45TROAZ
KSH=2 FASTRAAS
GO T 6l CGSTHORS
68 KSHzZ FaSTROAL
51 K=0 F45TROAT
DO 49 P=1,KSH FGgTRAAZ
0O 70 J=KRG.KFh.2 FLSTRORG
KsK+1 Fa5TRNSG
T REN(JI=SRIK) FASTRNGT
KBG=KBG+3 F4STROG2
KEN=KFh+2 Fan R
59 COMTINUE r45TRNGS
4 ARRANGE STHFSSES TN ORDER NF 1,2,32,12,13,23 [& §4 ALOGK F45TRO3S
33 D0 230 I=1,& FLETRASE
30 SRUII=REDIT ELSTADST
IF (1STR) 31.,21.40 FaR1R0%R
31 IF 1IGa5-3) 50.40,32 FafTRDYY
3z IF 1ICAS=67 50440.50 F&5TRIND
“l SREII=REDL4) Fa&TR1NL
SRI4Y=RED} 2 F«STRINZ
S0 RETURM F&STRIN
END FLSTRING
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Table VII-80. Source program listing of
subroutine TEMP (Link 4)

* LABEL

CE4THR FaT4pnng
SUBROUTIKE TEKE (CC ) FaIMRODL

c COMPUTES ®ORAL tINF WECTOR IMN ORIGINAL MATFRIAL AKFS EaTmpnng
c TOOCOMFUTE LENGTH CHAMGE PER UNIT TEMPERATIRE PFR GNMIT HISTANCE  T&l#ennd
DIMENSTON TAG1 ) ABDL I RCET.018), DRLIZ1Y 03351303 ,F2203,3) FaTHPRNG
LePI24 1 uviEa) X EA)YIB1 20H ) XOUTH YDUT I EDETHaGLILY Fa1mpnns
COMMON 14,84 E4THPROA
EQUIVALENCE (1A, 4487, (D21,N331,IN21110),E22) - IN21{L9Y.F) 4 (NZT120) GIRLTHPONT
EQUIVALENCE (TA1L1, [N iTA(R] o FENI,LIRT3D 1T (14141 IPYT1AS),  EQTHPAGK
LIPRS) o LTACO Yy LTYPEL s (TA{ T IMAT I, (TALBYIDEG) 2 (FA(S ), INX}L{TALION FaTHIGDS

ATHE L {TAILE o 1B) ¢ L1A11I23 . IFMKI L ILACTI I IMMVI o (TATLG) WM 1 L TAL) S FATRPOLD
AIMEIY A ETALLEYy IARE) (LAY TIAN(L I (18075 ) MialTATZRNITY ) [TAIRT)4ELTHROLL
AISTRI(IATZAN, IELT) o LIAL293 IFEM), ITATB01 TTICI, (TATI1ILTHET I, E4TMAOT 2
SUTACBZ]  TSUMI, LTAE33T, TNy LTAL34), [ME ). (TACAT L INS1 LEALST), EATMPOLT
GIORDY, (LATIB N IDROL ) FTAC3F]ACEL b ETATSEN) 401 pe {TAIS1) 2], E4THPOY &
TULALS2) 033, 1A{5A10 4 LTATSG S a1 TAISE) 5 JA] . (TA1SE1IT] [IE{STRATMPOLS
BB, (TAI5R), 4TVY . {TAIBS)  1ABY 4 LIAIA0) 1 IROI, (IACALY 4 1IDIeCIAIG2) FaTrPOLS
QITAY, I TALE3)- 10T (TA(E4) TNV, (IAI&S)ITEI-{]8{4L),TAF} FaTMPOLT
EQUIVALENGE (TAL66 ) ICARY, ITRLAT) ELIX}, (IRLBRILICIYY, (TALATY, E4THEDLS
TICIZN 0 EACPG)  TCFT Yo TIAIZL N D000 - TTAUTR 1YY CIA{T3N. 1220, F4THPOLS
2IEALTaY  1ICH L TAUTS) IOEF) L0 EA{TAL,ISTY, {TALFTL.T15) F4IMPOZO

By C1A178 ), 1GENY, {1ALT), IFAR Yy (AA(BO) «TE}, (ARLALI DT )4 LAATH2IL0G), FaTMPOZL
AUARTAIYILALL)  (AR(BS] L ALZ 1, (BAIAS] ALS) A [AALARIDE1]. [AA110T1,P).  E4TMPO2Z
BIARITALY UW T2 (ARELEE) N {AMI AT Y, Y1 LARILT1] 2], [AACLTIN RN, FatMpnz3
ATAARTLES] (YN (AAT193),ZD0,{AA(36L),5] . [AGLAG1IGFH) E& MR G
TolAM &R ] yTNFYy fAN(RETy IPRG) o (AALAGYE, IPENY ) (ABIGS) 1 LONS]. (B8 14A), TIFLTHRD2S

B, DAACGT) W R1), [AALGE) 1G2], (AA149).63) F41MPRZS
EOUIVALENCE (VA(249)4NTICI. € LAI36B]TSDTI0 183471, TSOY I {[A{348]) FATHOAT
1215020, (1412451, 391 -([AC344) 1004 L1A{343), JPRS ) (TAI247), I80Y)  F&TMPOZR

Zol 13611205021, { TA(340) 4 JARE ]y 4 TAT339 . JMHXR Yo (1A 130}, JRRY] FaTMPOZY

B LLAT33T Y MM2 ]y L1AL338)  JMETT, (181335 ITAST L IATBRA1,102) E4THED30

Gy LIAL333), IPRI, LARI3321 06TV, (AAI331],IGZ ), 1AA1330).PRES] E4TMPREL

S, 11A{32G ), IPIR] FATRENS2
DIMENS TUN BEMLE],STRI2) NINEZ.2),SRI6]1,XMII)EFI2}.0N0R),BF(4),  E4TMPOSS
JRESIG) (RED(S) (BASI3 N, [CLASG) MBANTLUI,NIEE) S MFS (3] FaThUG34
EOUIVALENGE EAATZOC), IONE ), (R&(201), ICK) y [ARIZO2) LM, (AA{203),A5TE4TNPOIY

Ty ARL206Y  TMRINT 4 (i AR 205 b e ARE ) (2AC20A) 4 TCLA ) & LARTZOTI A IMFLI S FaTHPO3A
ZUAAT20R)  IM), LAALZDY) (101, (AALZLOT-TCOR) . (AATZT11ANGLE T4 (ARIZLE) E6THPART
ICAS], (AA(213),1E), [AR{P14) NE]CAALZLS ). MR E4FMEDRY

Ay (4812161 TROTH, (AR1217),8511 FuTMPD 39
EUUIVALENCE [AALZ220) BIK] A AA1223115TRILAAL2261,DIN}, | 4R1235),SRIT4THPDGD

Ty TAATZAL T ENI  HAAT254 ) (KF) (AL (2473, ONY {ARIZ53),0F ), (AAIIGG) . RESIESTHPNA

2y lARLZES ] (REEY ¢ [ARIZTLIAPAS T, {2A(2T4), ICLAS I LAALZTR ) MRAM) E4TRENG?

B LARI292] LN L (AL 2G5 ) NES) FuTupnad
CIMENSION NEL(20. 171 MAL (4ady 200« INGIIND L ANEELA] 4150, T BIBIE},  FaTHE0as

1CUB 232 FF{11NSETCION] oMSFT(IO0) Wi3 3) E4THEPDGE
FOUIVALENCE (AA{L4000),FF T, (NUTLE,JPL1s (NUL2E ML (HU(3) L6570 F&THPD4S
EUUTVAIENCE (FFI11 NELY 5 (FF[A41) ,MAL . [FFI6AL1TRGY, (FFITALY, DD, E&THPOGT

TUFF LTI AL AFFIL41T)2B) o AFFIL4ARLI, 1y (FRI1&YTI1,WSETI L IFF{159T), E&TMPOLH
ZMSET), IFF{1A9T] ¢4 FATMPOGS

[ COMPUTE THE NADAL LINE VECTOR I8 THE ORIGIMAL MATERIAL AXES E4TMPRRD
4 4F,DCAR EDDIVALEAMGED IN SETA. COMTAIN UNIT VLETOH OF NUDSL LTME  EATMEAS]
DO 10 1=1.3 FaTMpPnSZ
SIREI=0. T4 THENSS

DI ¥ R=le3 Fa TMPO54

] SIRCEI=SIR{IIRE 1 KIPXFIK) £ LTHPDGS
10 GENTINUE FAaTHROSE
L COMPUTE THE HEGUIRID QUANTITY E4THPMIST
EL=AL I#STRIL I3 2+0L 295 TRIZ}IS57+ALIERIAL )7 FaTHpsa
RETURN F4lMposy

END F4THPNRD

P
Tahle VII-81. Souree program listing of
. -
subroutine TICK (Link 4)

& EAB TTLKON
COUNT 2% TICAANL

LAL TICK TTCKND

ENTRY  TICK TICkAn3d

ek MET ONCE TICKAO4
TRE FIRST TICKNNG

EAL 5 TILKANS

SuR INTIL TICKeN

ALS Ve TICRDNE

SLW 1.4 TICKONY

TRA 2.4 FICKOIO

FIRST  &TL ONCE TICKAT]
CAL 5 11{rnLe

i R FHOKNLS

511+ Thd 1HLRDL4

TRA IS TIEKD1S

ongE  PIE TICROLG
INLTL PZF TIckn17
ENE 11CROLA

JPL
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Table VII-82. Source program listing of
subroutine TOPO (Link 4)

= LAMKL

CEATNR F&ILPON0D
SUBROUTINE TORD FeTnp0nl

r PREFARES ELFMENT PROPERTILS E4TOPNNZ
BIMENSION TACLY A&{1].8S01) RIBI021021) N3A(331,622{3:3) FaTAPQ03
1.9[24),”\1:76:»XIEI.Y(B).llB),:hlTl.\'uﬂl.lnl?).ﬂlill E4TOPDNA
COMHMDN Ta, 48 EATARPRS

16

10u
UL

300
00
4ol

4{0
480

Ran

ERRINM

llue

1200

1508

1400

Laan

pELL
1eon

EOUIVALEMCE (T8, AR], 1 DALU33) (0211101, F22).1D21(149].E] JINPILZDYLCIESTORPONA
FOUIWALENCE (L&CLYSINY (C1AT2] 4 BN 1 T&{30 TTIotIALa)l @IS ITE0L5) Falupon?
l'[URSl|(IA|b!.]T\‘PE),EIBETJ,IMA!):I]BIHI'lDEGI,l'[ﬂl‘)i;INK)'IIAll(lI.thTHPnDH
,ElH).{lAElll.IBl-(IﬁllZJyIMMX),ilh[l})nlM“V}dTﬂl]‘v)-lﬁMllvll!ﬂlEJ.ELTV’IPDn‘J
'iIMFIl'(|fl(lﬁ),|ARE).FIA{I?}.N(1))-1['\!75);””'(IA(Zf.x'lqIl'YJ-(!A[?TJ.F’~TGPn](}
’|ISTR]'EIAI?HI.IFLIJ,IIA(?Q),ITH‘H-[IA(aG]vITIC}oI!NB]I-“"ET!: Eaiipnll
BHA{BEI'ISUMMITﬂ(?'ﬂl|lﬁll)n-l?AEBiol.TMSD.(IA(SB].]DSINH\(ST). F&TORO] 7
SI0R0Y  C1AC2R), IORDLY . { A3 ACEL PedTATSUY DLy (TEIB1T 4070y E4TNPOL13
TIIAIS21 421y [1A153) 040, 1 1AISG] J5)TTAISST 060, ETALENR) A7t TIAIGTESTOPOLS
FH.ABJ‘lIA[SF?],\JTY},llr\l‘a‘}l-IBHl.lIA(*H}.lhlll'llﬂ(&l}wIIDJ.[IA(ﬁZ}yF&TDPﬂIﬁ

Qllﬂ].{|ﬂ(h3].IDT)«(IA(sﬁ},IDYl-(IA(hﬁ}.lTFl»(Iﬂ(QllqlTAP) FeTopnle
EQUIVALENCE TAIABY TCARY L LALATY 10K ETALERY L ICIY Y {TALB9), E4TOeDT Y
VICTZ 2 (TACTOL IOFT ) L DAl Tl e TXR ) (TALYZI Ty Y ) (hatT) 7771 Faink0la
ZOIACTS] - F1C) . (TAITSY L I0FF A (18LTEN, 181 e tIALTT1, ITS) E4TURDLS
3.(IA(?HI-IGFM).lIn[??l.iERRIgiAA(BOlvTE},IAﬂ("!I.HT)-IAHIRE‘;DGJ| Fatbilp0zn
ﬁ(nA(R3)'ALT].(AA(HQJ.AL?),[ﬂn{"ﬁl.ALBJ-[AA[Pbi|D71J-(AA(iU?I,P), E4TOPDZL
SURA{LALILUV] . CANILSThaRIa (ABLILAT )+ ], EAA{1T1Y 2] FARLETY KDY - F4T1P0OZ2
SUAATTESN YO o LAA{TI3 14201 LAATAB1] 45 (ANIA0), Z6EM) FeTOPO22

f,(Ant&?l.INPJ,:nAt431,IDHun.|Anranl.IPENI.(AA(AEJ.CDNS).lAnléﬁl.lHPbTUPO?ﬁ

HE IAATST]GLI, (AAIART G2, E88149),63) F4TOPO2E
FOUIWALEMCE (IA(B4Y) ,NTECY, (1AT34B), ISOT) 01403870, ISDY], (TAL345) F41Mpoee
1o 15040+ LIAL345).00), [T88344),0100, (T8(343),JPRSY, (TAI342),J5DY) Feippn2?
Py LIATA41) o JSUZ ]« IA(3E0 ), JARE] S (TAT339]JMMI] (18 1338] . JHHY) FaTOpOza
3'ENl'ﬂ'ﬂf},.lw‘l)-IlMBBblq.JMFTlH|i\(335|vITASIv(IM'U“)-iDll E4TNROZY
A t1AL33YLIPRT CAAIS32Y.0GY 1y 1AACTTL ) DGZ) 5 1AB(330},PRFR] E4TOFRN3N
SalIs(329) 4 IPIRY E4TOPC3)
1ELT=0 FLTOPDAZ
13EMal E4TIP0O33
HiIn=¢ Fallipnds
IMET= E4TOPO3S
no 1o I-1,8 E4TOPRIA
MilY=0 F4TOPOA?
K=1+33% FaTOPO38
181K =0 E4T0PD2Y
JM=11M E4TAPO&N
ALM 710U E&TOPD4AT
=lA{IMI-1004TRLT E4lIpna2
AM=gZ4M F4TUPDA3
IT (IR I~&1 100,100,400 FAaTOPOGS
IF TIELT-3] Z00.30G,700 FuTOPO4SB
JARE=TALIMI/1DU FaTuptGé
TTEM=1R(IM -1 004 0ARE FeThPns?
GG To 40 F4flpOed
JPRE=TALIME 100 Fol(Ipr0sq
5 AlJM]I-100%JPRE FATORO50
IE TTELT-3) a0, A, 800 E4TOPOSY
IF CIELT=1Q} 470,470,500 F4ATOROS2
1€ LTELi=8} 500,500,480 E4TOPOS3
JPRS=1a{ MIF100 FaTiPne4
TTEM= 1AM -LOD= JFRS FaEHPO9S
L=l E4TOPNSA
G0 10 100U E4TNPOST
ITIC=1ATIMI/L1O0 FaTORNSS
ITEM=TRTIMI=~L0U*ITIC Faluppsy
K ENEL E4TNPOAD
JE02=1210M1 100 F4TNPD6]
JPRE=[A[JM]I=100% 87 E4TOPOAZ
E4TORGSE3

n ™ e FaTDRO&A
FLENERE ] FaTMPNAS
JERS= 1AM FaTOPNGS
L=2 F4TORPGAHT
IF CTEN1=7) 000,300,700 E¢TOPOAR
FUENEE E4TNPOGY
JMM=1ALIMYA100 FaTOPNTO
JEDV=IA UM}~ 100 TIMMT F&TnenTL
L=3 Fa PR
IF (IELT=4) 1000,900,1000 Felnpnts
RECRERL) [N
JMME= LALLM 100 S4TNPOTE
JMMY = AN - 10D JMMY FATAPNTE

=2 FeTOrO7Y

IF CIELT=41 LDOGTO0, 1000 F41UHOTH
IM=g54M E4TOPNTS
JR0I=TALIM] /100 FATNRARG
JMFI=18{MI-100=JS02 EaTOPOBY
NUENES [T E
JRRESTH LMY C410prnna
1=t EATOPOAA
1=] F4TRENRS
G TL 11100.1300,1300,1400)0,1 B4 TIROAS
RTENET F&TUROET
MELY =141 0M) F&TNPORR
1=1+1 F4TMPNAS
BLEREE LY E4TNPOSO
Nily=[A{JH] £4TOROGL
I=1+1 EATNRAG:
BEENESS ] E4TIHROYE
KETY=TAC.IM) FaTORDSS
I=1+1 FaTaRNgs
NLENI-EL] IR GELETY
NUEI=IALIM] FATOROYT
[=I+L EaTOPNYH
RLENFEL] LEANTLED ]
METI-TATIM) E&TORLAD
[=1+l F&TnPing
NLENE-EL E&TOPINZ
NUTY=1A0JM} E4TNRLINDS
1=141 E4TLIPTO4
PLESELL t41IP10%
KIL}=TACAM) ratne|os
I=1+1 E4TNRINT
ELESIT R F4TOpY OB
MITy=TALJN) EaTP1nNg
IF t1-EH) 1600,1600, 1450 E&T0#110
THP=THY E4TOP1L]
DO 1500 I=1HP, 4 EGTMRYL2
M{I1=0, F&INpPLL3
RETURM 4TI 14
END E4TrpL1s

159
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Table VII-83. Source program listing of subroutine TRAN (Link 4)

%
C

C

LAREL

E4TRM E&1RNDOO
SUBROUTIME TRAN [A.TF5) E4TRNNOL
FOR LOCAL-OVERALL CUDKLINATE TRAMSFORMATION FUR VELTORS E4TRNOOZ
DIMEMSLUM JTACT A8 110501 ) oNO8T 0210213403313 434827 1343) EGTRNOD3
ToP 124  UVEZaYXIRY Y (BT Z(ANZXDIT Yo 0LTI 0TI+ BLITY E4TRNDU4
CNMMON B, A4 EgFENODS

ENUEVALENCE (142481, (D21 40343 ), (D2)(
EQUIVALENCE (1ALT1,iM), (1412}, |BN}
VPRSI UEALST g ITYPE] (1AL TY, TMAT]
BIHF A (CTAILYY s TR 4 (1AT17), TMMR) L ¢ SAI

100221, (D21ILDI-F1.(N211201,GIT4TRRAOS
P(TACSEIT)A L TAIAY (IP) 4 (TA{5)., E4TRNONT
TACBIIDEGI e A IACY) 4 INKI, L [ALLIQ),E4TRNONS
L3V IMMY Ly C1ATTA )  TMMZ Y, (1A(15) -F4TRNODG

SIMFT) o (LALLGT - JAREN p 0 TAA LT MIT ] o LIAL25 ) M3 L TALZE) g ITY] {1AL2T 1, E4TRNOIC

HISTR){TAI281,TFLT)4 (EAL2O), [TEM) .
SULALAR ]y ISUM] wETAIE3}, IMDI-LTALSG)
AINRN}4{TALIA), TORCLY. (TAI39), ALE

CIATIU S ITTL) 4 TRV, TMETY, E&1RMOTT
AIMST (T840, 108 LIALATI, C4TRNOG12
PelTALGCIadl e EIAESL )P Y, E4TRNOL

FOTAIS2133) ¢ LTA{S3}, Ja) o 12AI54), 05 )4 (TAISS], 0601, (IAISE].JT) st FAISTEATRNGLS
BY Bl CTALSAY, TV, C1ALST) IHE I {1A0AD), IBO), (TALEL Y, TED, (JALS2],E4TRNGLS
FEIAT  LEACS33 5 10T he LEACARS)  IDY ) o tFATASY ITET v L1ALA] ), ITAR) E4TRHOT &

EQUIVALENCE [1a(H&, ICART, L1467,
LICIZ) ¢ fLACI0 ) ICFI o (TALTL EXX) 42
201AETaY, TICH, [A(IS)4 [DEF) L L1A(TE)

TCIX) L TA{G8), ICEY ) (TACGY ), FaTRNOLT
TALF2T 2 TYY I, (IA(TII A 1220 F4TRNOLR
AIETI. (14{77)1.115) EATRNOLS

3. [TALTEY (IGEM) (L TACTI) L IFRRI L (AR(BO), TEILAAIBLYLOT), T RA(RZ) NGI, E&TRNGRD
AUAA(B3) L ALL] . (ARIBAISALZ 14 (AAIBS] AL N, (AAIBAYLRP1Y,{NATIOT] P], E4TRNOZL

SCARCISLI UV Y3 CARCTISE ) o XYy (AA(LO2) 2 ) o TARILTTI 4 Z) 4 (BALLTAYLXD), E4TRANNZZ
GUANTIBA Y YD)y (AALISI ). 200), (AAIZS) )a5)y LARLAD),2GEM] E4ATRNGZI
TodAALaZ ) FNPY, (ARIA3) cEPBGY (A4 o IPENT ¢ (AA{ARY ,CONST  (ARI46) s IUESTRNAOZA

Ao [ARLAT) G} {AA{GB) G2 ), 1 ARI4D) B3} F4TRNOZS
EQUIVALENCE (IA(349),8TIC)  1TAL34R},15DT1.01A(3471.1SNY),114(346) E4TAND2S

1, I5021 0 (1AT365) 090y ( TALIGA) L 0100 o (1403431, JPRS 14 C1ATR42 b, 050F) E4TRNOZT
ZelTAL3AL ) pUSOLTy CTAT3A0) JARE) 5 I TA123Y) 4 IMMX) 4 I TAIB3S] L JMMY] F&TRMOZE

Sy UTAUTRT ¢ JMME L (TAI336) - JMFIY o (1ACA25 1, ITAS ), {1AC334), 102} EATRNGZG
GeflAC333) 4 IPRY, (2413323, DGY 1, (AALZTL],DAZ) 4 {44 3307, PRES] F4TRHO20
Sy{IA(329),IPTR) EaTRKO3L
DIMEMSION EM(444) ENCAL 4], QL4 a1 DIRTS, 3] DIMIIA) F4TRNDI2
EQUIVALENCE [AATZ0D) EMY . {AA(Z15YENMI  fAAT2I2),EQ) L 1ARL24B] .00, F&TRND33
THARIZLE) L AIR] {2A1ET73) (OUMY E4TRNOIG
DIMENSIGN Afl} ELTRANIS

10 IGEMP=]GEM+L E4TRNO36G
LI F&TRNAIT
LR=IFS—4aIMs E4TRND3S

20 00 300 L=1,[i:FMP F4aTRNAID
LE=LE+THIMS EaTRMD 4O

E1H nn 2o 4=1,3 E&TRNO&L
FeTRNQ &7

F4TRNDA3

QUMILJT I=0 . E&TAMDA 4
LEI=LK+1 F&TRND4LS

4“0 oo o1on K=1,3 E4TRNO45
LKI=LKT+]IMS E4TRND& ¥

100 DUMILJT)=DUMILIL I +OTRIK 0} ALK E4TRNO4E
200 CONTINUE F4TRNALG
300 CONTINUE E&TRMNOB0
IMI=34%] GEMP & [ M5 E4TRNOSL

DO 400 I=1.1N1 E&TRMNDS2
1I=1F&+1 F&IRNO5

490 ACI1)=DUMITY E4TRNOS4
RETURN E4TRNOSS

END E4TRMDSS

Table VIl-84. Source program listing of subroutine UNIT (Link 4)

& LABEL
CEauNT F4UNTRN0
SURHNUTINE UNIT{(CIR,D) E&UMTOOL
C URTAINS & UNIT VECTUR ALDNG A LINE SEGMENT ECLUNTOOZ
[ IF D=NECATIvk, CHANGF DIRECTION AND REPLACE WITH UNITY, D=LENGTH E4UNFDD3
C IF Q=0, MARE G=LENGTHRLENGTH AND ARTURN ELllN TG
C IF O=POSITIVE. REPLACE WITH UMITY, QelEMGTH FalMTonS
OIMENSTOM CIR{A) F4lNTOGH
R=CIR(L )22+ L IR(ZI%42+LTR{T)en2Z E4UNTOD?
IF (Q} 19.19,20 FLUNTOOR
1% 0=k FLUMIOng
GO TO 21 E&lNTOLO
10 CIRETY E4UNMTR] ]
CIREZY F4ilNTN12
CIR{3)-—CIR(#1 FalinTOL3
2 D=50RTFI{R} FaUNTO1A
E4UNTOY >
E4{INTOY 6
CIR(A}=CIRI3}/Q FuunTOLT
21 RETURMN E4UNTD1 S
END E4lNTONg

Table VII-85. Source program listing of subroutine VECT (Link 4)

[

[
[

LABEL

EavrT
SUBROUTING VECT(A.R.C}
PERFURMS YECTOGRIAL VEC IOH PRNDUCT
T UIRTAIN & AS BRE
DIMENSIION A1Z],AL3),0(3)
A{1)=RI21R013N-RIDIRCL2)
ALZP=BI31COLI-RLLI#C(3)
AlS)1aRILI&C L2 ) =Ri2isCL)
RETURM
ENA

EaVCTOND
FayCyooi

E4VLTNZ
Faurvana
RANCTONG
Fay{Tiny
Ba4vCTung
F&YCTAODT
Favcrons
FEAVETNOY

JPL TECHNICAL REPORT 32-1240



References

1. Akyuz, F. A, and Utky, S., “An Automatic Node-Relabeling Scheme for Band-
width Minimization of Stiffness Matrices,” ATAA Journal, Vol. 6, No. 4, pp. 728
730, Apr. 1968.

9. Utkuy, S., “Stiffness Matrices for Thin Triangular Elements of Nonzero Gaussian
Curvature,” AIAA Journal, Vol. 5, No. 9, pp. 16859-1667, Sept. 1967.

3. Utkuy, S., and Melosh, R. J., “Behavior of Triangular Shell Element Stiffness
Matrices Associated With Polyhedral Deflection Distributions,” AIAA Journal,
Vol. 8, No. 2, pp. 374-376, Feb. 1968. Also available as Technical Report 32-1217,
Jet Propulsion Laboratory, Pasadena, Calif., Jan. 1968.

4, Utkuy, S., “Explicit Expressions for Triangular Torus Element Stiffness Matrix,”
ATAA Journal, Vol. 6, No, 6, pp. 1174-1176, June 1968.

5. Utku, S., “A Conical Element Stiffness Matrix Associated With Polyhedral
Deflection Fields,” in M. Inan Memorial Volume. I'TU Publications, Istanbul,
1963 (in press).

JPL TECHNICAL REPORT 32-1240 161



